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ABSTRACT
Despite increasing pressure for children to learn to write at younger ages, there are many
unanswered questions about composition skills in early elementary school. The goals of this
dissertation were to add to knowledge about the measurement of young children’s writing and its
component skills. Both studies explore the composition skills of a sample of 282 kindergartners.
In Study 1, confirmatory factor analyses indicated that a qualitative scoring system and a
productivity scoring system capture distinct dimensions of kindergartners’ compositions. A
scoring system for curriculum-based measurement could not attain acceptable fit, which may
suggest that CBM is ill-suited for capturing the important components of writing for
kindergartners. This study indicated that the measurement and components of composition in
kindergarten may be qualitatively different from the compositions of older children. Study 2
addressed two dimensions of kindergarten composition and skills that contribute to them, text
generation and transcription. Latent moderated structural equation modeling was used to test the
hypothesis that transcription moderates the relation between text generation and composition for
kindergarten writers. This hypothesis is one possible manifestation of the Developmental

Constraints Hypothesis (DCH). In support of the DCH, transcription had a strong constraining
effect on both composition quality and productivity. Additionally, transcription moderates the
relation between text generation and composition quality, although the moderation is negative.
There is no signification moderation of transcription on the text generation-composition relation.

INDEX WORDS: kindergarten writing, elementary writing, composition, Developmental
Constraints Hypothesis, transcription, text generation
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1

MEASURING KINDERGARTEN WRITING

The measurement of composition skills has grown increasingly important for educators
and researchers due to pressure for children to write at young ages and an increased emphasis on
data-driven decision making in the classroom. Despite the important role of writing in academic
learning, there are still many open questions and a lack of consensus about how best to measure
young children’s composition. One important issue revolves around how to best capture
children’s written output, or in other words, what components of written composition are
important. Some studies have reported or assumed that young children’s composition is
accurately represented as a single, holistic component or score (e.g. Abbott & Berninger, 1993;
Gansle, VanDerHeyden, Noell, Resetar, & Williams, 2006), whereas others have found that the
writing of elementary school students contains many components, including macro-organization,
productivity, complexity, and accuracy (Hall-Mills & Apel, 2015; Kim, Al Otaiba, Folsom,
Greulich, & Puranik, 2014; Kim, Al Otaiba, Wanzek, & Gatlin, 2015; Puranik, Lombardino, &
Altmann, 2008; Wagner et al., 2011). A second issue is what type of measurement best captures
these important components of writing. Researchers have used many different methods of
measuring elementary school children’s compositions, including qualitative scoring systems,
quantitative scoring, and curriculum-based measurement (CBM). These various scoring methods
may be capturing different components of composition ability. A greater understanding of the
measurement of young children’s composition is necessary so that researchers can continue to
appropriately assess writing, examine predictors of composition ability, and design interventions
for struggling composers. A greater understanding of measurement will also enable more
accurate identification of students who are struggling and may allow practitioners to pinpoint the
specific skills that must be supported.
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The primary aim of this study was to examine the dimensionality of writing in
kindergarten children. To date, there have been no studies examining the dimensionality of
writing in kindergarten children. Kindergarten is a year when children are just learning to write,
including learning to write letters, spell words, and write sentences. Because they are just
beginning to learn to write, their compositions may be qualitatively and quantitatively different
than the compositions of older children. This study attempted to add to the existing body of
literature by replicating previous findings about dimensionality, examining the dimensionality of
a less-studied qualitative scoring system, examining alternate possibilities of the dimensionality
of CBM, and extending the research to kindergarten compositions.
Components of Young Children’s Compositions
Previously identified dimensions of composition include macro-organization, accuracy,
productivity, and complexity. The findings of recent studies regarding the dimensions present in
the writing of young children and the indicators of each dimension are presented in Table 1 and
are discussed below.
Macro-organization. The macro-organization of writing is generally considered to be
the most important outcome or measurement of written composition (e.g., Kim, Al Otaiba,
Wanzek, et al., 2015), perhaps because the writing of older students is judged primarily on its
organization and content (e.g., ACT, 2018). The macro-organization component of writing is
typically defined as the content of the ideas and the overall organization of the composition
(Hall-Mills & Apel, 2015; Kim et al., 2014; Wagner et al., 2011), though some researchers
include components such as word choice and sentence fluency (e.g. Kim et al., 2014).
Accuracy. The accuracy of the use of writing conventions is sometimes considered as a
distinct component of writing. This component typically includes the accuracy of spelling,

3
grammar, and mechanics such as punctuation and capitalization (Kim et al., 2014). This is also a
component of composition that is considered in many standardized tests. For example, the
Georgia Standards of Excellence require kindergartners to “demonstrate command of the
conventions of standard English grammar and usage when writing or speaking” and
“demonstrate command of the conventions of standard English capitalization, punctuation, and
spelling when writing,” (Georgia Department of Education, 2015, p. 5).
Productivity. Because of the difficulty of reliably rating the quality of young children’s
writing, a common approach is to use writing productivity as an outcome for kindergartners and
first graders (Kent, Wanzek, Petscher, Al Otaiba, & Kim, 2014; Kim et al., 2011; Lerkkanen,
Rasku-Puttonen, Aunola, & Nurmi, 2004; Puranik & Al Otaiba, 2012; Puranik, Al Otaiba, Sidler,
& Greulich, 2014). Writing productivity in a sample is based on counting the number of units a
child includes in his or her writing. These units may be the number of words, different words,
ideas, clauses, or sentences (Berninger et al., 1992; Graham, Berninger, Abbott, Abbott, &
Whitaker, 1997; Kent et al., 2014; Kim, Park, & Park, 2013; Puranik et al., 2008). For young
composers, writing quality and productivity are related both conceptually (Kim, Al Otaiba,
Wanzek, et al., 2015) and empirically (Abbott & Berninger, 1993; Kim et al., 2014; Nelson &
Van Meter, 2007), but are nevertheless distinct constructs (Kim et al., 2014; Kim, Al Otaiba,
Wanzek, et al., 2015; Wagner et al., 2011). Their conceptual link stems from the fact that
children who write greater quantities of text have more opportunities to convey complex,
meaningful ideas.
Syntactic complexity. Syntactic complexity is another distinct component of children’s
writing (Kim et al., 2014; Puranik et al., 2008; Wagner et al., 2011). There are multiple methods
for scoring syntactic complexity, but the most common methods rely on assessing the number or
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ratio of main and subordinate clauses in the composition. This may be a valuable component of
writing because writers are expected to produce compositions that include a variety of sentence
structures. For example, the scoring rubric for the writing portion of the ACT requires students to
use varied sentence structures for full points in the language use category (ACT, 2018).
Similarly, the Georgia Standards of Excellence require children to use linking words in their
writing as early second grade (Georgia Department of Education, 2015), and the use of linking
words often requires the use of multiple clauses within a sentence. Previous studies have
identified syntactic complexity as a separate dimension of children’s writing, albeit with slightly
older children from 1st grade and above. The majority of the essays in this study contain either no
complete clauses or only one. Since little variation is expected in these scores, the present study
will not measure syntactic complexity.
Methods for Measuring Young Children’s Compositions
Ideas on how best to measure the important components of children’s writing vary.
Historically, researchers often used a single score to capture the “quality” of written
composition, though each researcher had a different definition of quality, and some did not
define it at all (e.g. Abbott & Berninger, 1993; Berninger et al., 1992; Graham et al., 1997;
Olinghouse, 2008). More recently, researchers have begun to analytical scoring. These systems
include quality scoring, quantitative scoring, and CBM. These scoring systems have explicit
criteria for each score that is assigned, which should make the scores more meaningful and
useful. For example, it should be possible to identify if there are particular areas in which a
student’s writing is weak. However, in order for the scores to be meaningful, the categories must
align with the components of writing that researchers and educators have previously identified as
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important. These scoring systems, along with the components of composition they are
hypothesized to capture, are discussed below.
Qualitative scoring systems. Several scoring systems have been developed to measure
the quality of writing. One such scoring system is the 6+1 Traits rubric (Education Northwest,
2017). The rubric contains seven different categories that each have criteria for scoring multiple
aspects within that category. For example, the organization category contains criteria for scoring
the quality of the composition’s beginning, middle, and end; transitions; sequencing; and title.
Although there are seven different categories, the rubric captures two distinct dimensions of
writing for first graders: scores for ideas, organization, word choice, and sentence fluency
capture the macro-organization of the writing, whereas the spelling, mechanics, and handwriting
categories capture the technical accuracy of the writing (Kim et al., 2014). Therefore, this rubric
measures two of the important components of composition.
The 6+1 Traits Rubrics system is widely used, freely available, and frequently researched
(e.g. Coe, Hanita, Nishioka, Smiley, & Park, 2011; Kim et al., 2014; Gansle et al., 2006),
however, there is limited data on its technical adequacy and scoring reliability. Most importantly,
the length of the measure may make it inconvenient for teachers who want a measure that can be
used frequently for progress monitoring. Coker and Ritchey (2010) have proposed a similar but
pared-down scoring system for scoring the quality of short writing samples from children as
young as kindergarten. The categories of the scoring system were selected to reflect important
features of writing that are reasonable expectations for young writers. Although it has not been
studied as extensively as other methods of scoring, it shows promise as a quick and reliable
measure of writing with acceptable criterion-related validity compared to more established
measures (Coker & Ritchey). Similar to the 6+1 Traits Rubric, this scoring system includes
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multiple scoring categories. However, research is needed to determine its dimensionality. Like
the more complex 6+1 Traits Rubrics, its five categories may be separable into two distinct
dimensions: response type, relationship to prompt, and grammatical structure may capture the
macro-organization of the composition, whereas spelling and mechanics may both measure
aspects of the accuracy of writing conventions. The present study examined whether a slightly
modified version of this scoring system captures two distinct dimensions of writing (macroorganization and accuracy) or a single dimension (which may represent the overall quality of the
writing). Coker and Ritchey’s original scoring system is presented in Table 2, while the scoring
system used in the present study is presented in Table 3.
Response type. The response type category measures the completeness and complexity of
the composition. In kindergarten, children are typically graduating from writing single letters at a
time to writing entire sentences, so the length and complexity of a short composition is a
developmentally appropriate and sensitive measure of writing ability (Berninger, Fuller, &
Whitaker, 1996; Coker & Ritchey, 2010). The inclusion of response type as a category is in line
with the 6+1 Traits Rubrics because the sentence fluency category awards points for using a
greater variety of sentences and more complex sentence structures. Therefore, in a twodimensional model of the qualitative scoring system, response type was expected to be related to
macro-organization.
Relationship to prompt. The relationship to prompt category measures whether the
composition is related to the topic about which the child was asked to write and how much the
child elaborates on that topic. This is a key element for the macro-organization of the text, and
variations of this category are present in nearly every qualitative writing scoring system. For
example, in the 6+1 Traits Rubrics, children receive points in the ideas category for including a
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clear main idea with supporting details. Under the scoring system used by Hall-Mills and her
colleagues, the organization category awarded points when compositions included a clear
beginning and supporting details (Hall-Mills, 2010; Hall-Mills & Apel, 2015). The scoring
system used by Wagner et al. (2011) conceptualized this category slightly differently by
awarding points based on the inclusion of a topic sentence and the number of key elements (main
idea, body, and conclusion). Wagner and colleagues’ scoring system was appropriate for their
age group (1st and 4th graders) and their prompt. However, inclusion of a topic sentence or key
elements (e.g. story elements like plot, character, and setting) may be too stringent of an
expectation for kindergartners, who often write only a sentence or less. Therefore, the
expectations included in Coker and Ritchey’s (2010) scoring system and the scoring system in
this study are more age-appropriate for kindergartners. This category captures variation in
writing ability between kindergartners, while still measuring a similar concept to what is
measured in scoring systems for more mature writers. Because of this similarity, relationship to
prompt was hypothesized to load onto the macro-organization category.
Grammatical structure. The grammatical structure category measures how many
grammatical mistakes a child makes and how those mistakes impact the meaning of the sentence.
Grammatical accuracy is a consideration in most measurement systems. Most researchers group
this measure with the accuracy of writing (Education Northwest, 2017; Puranik et al., 2008) or
include it as a unique dimension of itself (Hall-Mills & Apel, 2015). However, Coker and
Ritchey (2010) argue that severe mistakes or having many mistakes can compromise the
meaning of the composition or make it impossible to decipher (see also Olinghouse, 2008). This
is particularly true for young writers, who tend to have a high percentage of grammatical
mistakes, and who tend to include much less context that can clear up confusion. This inherent
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link with the meaning of the composition, which in some ways is unique to the age group in this
study, made it a good fit for the macro-organization factor. This is in contrast to the more
conventional approach of including it with the measures of spelling and mechanical accuracy.
Spelling. Measurements of spelling accuracy are also included in nearly every writing
scoring system. Kim et al. (2014) found that this measure fit on a factor that represented the
accuracy of writing conventions. Similarly, the spelling category of the scoring system used in
this study was hypothesized to reflect the accuracy of writing conventions.
Mechanics. Mechanical accuracy is also frequently measured in writing. Although rating
systems designed for more mature writers sometimes include more stringent criteria, such as
correct capitalization of proper nouns and titles (e.g. Education Northwest, 2017), this is not ageappropriate for kindergartners, most of whom have received minimal instruction in the rules of
capitalization or more complex rules of punctuation (such as where to include commas).
Accordingly, the scoring system used in this study focuses primarily on capitalization of the first
letter in the sentence and correct sentence-ending punctuation. This score was hypothesized to
measure the accuracy of writing conventions, as it does in most other rating systems (e.g. Kim et
al., 2014; Wagner et al., 2011).
Productivity scoring system. There is more agreement regarding the variables that
should be included in productivity scoring systems. The most frequently included variable is
words written (WW); others include the number of ideas, the number of different words, and the
number of minimal terminable units. This study considered WW and the number of ideas.
Words written (WW). Although different systems of productivity measurement vary in
which units they count, a measure of WW is included in nearly all of them (Hall-Mills & Apel,
2013; Kim et al., 2014; Kim, Al Otaiba, Wanzek, et al., 2015; Puranik et al., 2008; Tindal &
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Parker, 1989; Wagner et al., 2011). Under this system, words that are repeated throughout the
composition are counted each time they appear. In line with a great deal of previous research
(e.g. Kim et al., 2014; Puranik et al., 2008; Wagner et al., 2011), the WW measure was
hypothesized to load onto a productivity factor that was distinct from the factors of the
qualitative scoring system.
Number of ideas. The number of ideas in a composition is the number of complete
propositions, or subject-predicate pairs (e.g. Kim et al., 2011; Kim et al., 2014; Puranik et al.,
2008). This is an important supplement to the WW measure because it awards credit to writers
who express complex ideas concisely. These writers might be recognized as less productive if
WW is the only measure of productivity. This factor was also hypothesized to load onto a
productivity factor.
Curriculum-Based Measurement. Demands for accountability and quantifiable learning
in education have led educators and researchers to develop measures of academic skills that are
easy and quick to administer, that can be scored by teachers, and that can track students’ growth;
these measures are commonly called curriculum-based measurement (CBM; Hosp, Hosp, &
Howell, 2007). CBM for writing involves scoring a short composition according to the correct or
incorrect word sequences (CWS, IWS)1. A word sequence refers to a pair of two consecutive
words or a consecutive word and punctuation mark. A correct word sequence (CWS) is a pair
that is both contextually and grammatically correct (Hosp et al., 2007). An example sentence,
scored for CWS, is presented in Appendix A. Some have argued that CBM scores capture both
productivity and other aspects of writing that are not related to productivity, i.e. production-

1

When CBM is administered as the only measure of composition, it sometimes includes a count of the WW and a
count of the words spelled correctly or incorrectly. However, these measures are already accounted for in the quality
and productivity scoring systems used in this study.
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dependent and production-independent aspects (Tindal & Parker, 1989). Conversely, Kim and
colleagues (Kim, Al Otaiba, Wanzek, et al., 2015; Kim, Gatlin, Al Otaiba, & Wanzek, 2018).
have suggested that some CBM scores capture writing fluency, a distinct component of writing
ability that is separate from other components such as quality and productivity.
Correct word sequences (CWS). Although the number of CWS is related to the
accuracy of the writing conventions (for example, the number of words a child spells correctly
partly determines the CWS score), Tindal and Parker (1989) have demonstrated that it is a
production-dependent measure. In this sense, CWS may be considered a measure of a writing
productivity. Conversely, it may capture the writing fluency component hypothesized by Kim
and colleagues (Kim, Al Otaiba, Wanzek, et al., 2015; Kim et al., 2018). This study tested both
possibilities, with no a priori hypotheses about which model would fit better.
Percent of correct word sequences (%CWS). Many researchers choose to use scores
derived from CWS rather than the raw scores themselves. For example, researchers have used
the number of correct minus incorrect word sequences or the percent of correct word sequences
(%CWS) out of total word sequences (McMaster & Espin, 2007). Tindal and Parker (1989)
considered %CWS to be a production-independent measure, conceptually distinct from CWS and
other productivity measures. They also found that %CWS was an indicator of the writing quality
score, which they defined as a holistic score that captured “communicative effectiveness”
(p.175), and that comprised both macro-organization and technical accuracy. Because %CWS is
determined primarily by technical accuracy (such as the correct spelling of two consecutive
words, or the correct usage of punctuation), it may be an indicator of the technical accuracy.
Conversely, Kim and colleagues included %CWS in their dissociable CBM or writing fluency
measure (Kim, Al Otaiba, Wanzek, et al., 2015; Kim et al., 2018), separate from the macro-

11
organization and productivity measures. Therefore, it is unclear whether %CWS is an additional
measure of the technical accuracy of writing, or whether %CWS (together with CWS) captures a
distinct component of writing that is dissociable from components such as accuracy and
productivity. This study tested both possibilities.
Although CBM has many useful properties, including the fact that it is quick and reliable
to score and can capture growth across a school year, it is still unclear exactly which aspects of
writing CBM captures. Examining the dimensionality of two of its measures may help to
illuminate exactly what educators and researchers measure when they use CBM. This is an
important consideration, given its prevalence in research and in recommendations for educators
(e.g. Deno, 2003; Hosp et al., 2007; Kim, Al Otaiba, Wanzek, et al., 2015; McMaster et al.,
2011; McMaster & Espin, 2007; Tindal & Parker, 1989).
The Present Study
The present study used essays written by kindergartners near the end of the school year to
investigate the dimensionality of various methods of scoring. The findings of this study add to
the existing literature on the multidimensional nature of different methods of scoring children’s
writing (Kim et al., 2014; Puranik et al., 2008; Wagner et al., 2011); serve as a further
investigation of a qualitative writing scoring system (Coker & Ritchey, 2010); and investigate
some possible ways that CBM measures important aspects of writing.
Research Questions
1) Does a qualitative writing scoring system comprise two separate dimensions of
macro-organization and technical accuracy for a kindergarten sample?
The first research question examined how many dimensions are present in kindergarten
compositions when using a qualitative scoring system. This question compared the fit of the
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models depicted in Figure 1 and Figure 2. It was hypothesized that the qualitative scores would
capture two distinct dimensions of writing: macro-organization and accuracy, in line with the
findings of Kim et al. (2014). An alternate possibility was that the scoring system would be best
represented as a single factor that may capture the overall quality of the writing.
2) What is the dimensionality of writing in kindergarten when productivity indicators
are added to the qualitative model of kindergarten writing?
The second research question examined how many dimensions are present in kindergarten
compositions when a productivity scoring system is used in addition to the qualitative scoring
system. This question compared the fit of the models depicted in Figure 3 and Figure 4. It was
hypothesized that the productivity scoring system would capture a dimension of writing that was
separate from the dimension captured by the qualitative scoring system. This would be consistent
with previous studies of children’s writing (e.g., Kim et al., 2014, Puranik et al., 2008, Wagner et
al., 2011). An alternate possibility was that the productivity scoring system would capture the
same dimension as the qualitative scoring system.
3) Do CWS and %CWS comprise one or two dimensions for a kindergarten writing
sample?
The third research question examined how many dimensions are present in kindergarten
compositions when CBM is used for scoring. This question compared the fit of the models
depicted in Figure 5 and Figure 6. One possibility was that the two CBM scores would capture
separate dimensions of writing. These dimensions may represent productivity and accuracy, in
line with Tindal and Parker’s (1989) findings of production-dependent and productionindependent dimensions. Another possibility was that together, the CBM scores would capture a
single dimension of writing (Kim, Al Otaiba, Wanzek, et al., 2015; Kim et al., 2018). Because of
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conflicting findings from previous studies, there was no a priori hypothesis about which of the
two models would fit better.
4) Do CBM indicators capture similar dimensions of composition as the productivity
and quality indicators, or do CBM indicators capture a distinct dimension of
composition?
The fourth research question examined how many dimensions are present in kindergarten
compositions when a qualitative scoring system, a productivity scoring system, and CBM are
used for scoring. It compared the fit of the models depicted in Figure 7 and Figure 8. One
possibility was that %CWS would capture the technical accuracy of the writing, whereas CWS
would capture the productivity of the writing, resulting in a two-factor model. An alternate
possibility was that the two CBM scores together would capture a dimension of writing that is
distinct from the other dimensions in this study, resulting in a three-factor model. There was no a
priori hypothesis about which of the two models would fit better.
Methodology
Participants
The participants in this study were 281 kindergarten students recruited from public
schools serving urban and suburban neighborhoods in the South and Northeast United States.
These students attended 49 different classrooms, with each classroom having on average six
participating students. There was one additional child who participated in data collection but
refused one of the essays. That child’s scores were not used for any of the analyses in this paper.
Ninety seven percent (273) of the students’ parents returned a questionnaire containing
demographic information. The average child age (as of April 1st of the year the child contributed
data) was about six years, one month. The youngest child was five years, six months; the oldest
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was seven years, zero months. Other demographic information for these 273 students is
presented in Table 4.
Measures and Procedures
Kindergarten children wrote two essays on two separate days near the end of the school
year (April or May). Writing took place in a convenient location at the child’s school, usually in
a group of about six children. In the first prompt, the examiner instructed children to write about
a special event (essay 1). An examiner introduced the writing topic using a script, saying “Today,
you are going to draw and write about a special event in your life.” The script the examiner
followed gave examples of special events (a special birthday or a special vacation), elicited an
idea from each child, and asked for an additional detail from each child (such as “Who was
there?”). The examiner also instructed children to try to keep writing for the entire time, to sound
out words as best they could, and to cross out mistakes instead of erasing them. A different
prompt was used for the second essay, although the structure of the instructions remained the
same. In the second prompt, the examiner instructed children to write about something they were
an expert on or knew a lot about (essay 2). The examples given were that children might know a
lot about lions, cars, or dinosaurs. An example of an additional detail the examiner might ask for
was, “What does it/they look like?”. The page on which the children wrote their essays also had
a box in which the children could draw a picture, but the instructions script primarily focused on
writing about the topic.
Children spent five minutes independently drawing a picture and writing their essay.
During the five minutes, they were not given any assistance with writing (including spelling).
After five minutes, examiners asked children to read what they had written so that the examiner
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could write it in the margins of the paper. This aided scoring in cases where children had poor
handwriting or spelling.
Essay scoring.
Each essay was scored for quality (qualitative indicators, including response type,
relationship to prompt, grammatical structure, spelling, and mechanics), productivity (WW and
ideas) and CBM (CWS and %CWS). Coker and Ritchey’s (2010) original scoring system was
slightly modified to fit the different task requirements and prompts used in this study. The
version used in this study is presented in Table 3, with italics marking any words or segments
that are modified from the original scoring system. Most of the modifications were minor
clarifications in response to questions that scorers had during training. There were two
modifications that were more substantive. The first modification was related to the grammatical
structure category and was necessary due to the length of the writing samples in this study.
Coker and Ritchey asked participants to write a single sentence about a prompt, whereas in this
study children wrote longer compositions. Coker and Ritchey’s grammatical structure category
awards two points to sentences that contain a single grammatical error and one point to sentences
with more than one error. Since the participants in this study sometimes wrote longer
compositions, the scoring system in this study allowed two points for compositions even if they
contained multiple grammatical errors, provided that the errors did not comprise more than 50%
of the writing sample and did not have a major effect on the meaning. The second major
modification was of the relationship to prompt category. Coker and Ritchey’s scoring system
was designed to score a one-sentence composition about any prompt. However, in this study, the
scoring systems needed to apply to only two topics, and needed to capture differences in slightly
longer compositions. Therefore, the scoring system used in this study maintains the spirit of
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Coker and Ritchey’s scoring system by awarding points for details that are appropriately related
to the prompt, while being more specific to maximize scoring reliability. Additionally, the
scoring system in this study has two different sets of criteria because children were writing
essays in two different genres. However, each essay only received one score for the relationship
to prompt category (and therefore, a total of five 0-3 point scores for the whole scoring system).
Graduate research assistants (GRAs) worked in pairs to score the essays for quality (that
is, the qualitative scoring system that included categories for response type, relationship to
prompt, grammatical structure, spelling, and mechanics), WW (one of the two productivity
indicators), and CWS and %CWS (the CBM indicators). Each assessment was individually
scored by two GRAs, who then compared scores and came to an agreement about any
discrepancies before recording the final score.
Because the qualitative scoring system had four possible scores for each category, it was
treated as an ordinal measure and reliability was measured with Cohen’s kappa. Interrater
reliability ranged from .71 to .96. Since productivity (WW and ideas) and CBM (CWS and
%CWS) scores are continuous measures, reliability was measured by intraclass correlation
coefficient (ICC); reliability ranged from .92 to 1.0.
Analytic Strategy
Preliminary statistics for this analysis (such as normality tests and correlations) were
conducted in RStudio (RStudio Team, 2016). Modeling analyses were performed in Mplus,
version 8.1 (Muthén & Muthén, 2017). All analyses accounted for the nested nature of the data
using cluster-corrected standard errors.
Most of the analyses presented in this paper contain some ordinal indicators, specifically
the scores from individual categories of the qualitative scoring system. Traditional maximum
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likelihood (ML) estimation does not perform well in CFAs with ordinal data, so weighted least
squares means and variances (WLSMV) estimation was used for most of the analyses, as
recommended by Finney & DiStefano (2013) and Bandalos (2014). When used with ordinal data
that has only four categories, WLSMV is more likely to result in unbiased parameter estimates
compared to ML or robust ML estimation (Bandalos, 2014). The only exception was the third
research question, which contained only continuous indicators and therefore did not require
WLSMV. Instead, the analyses for Question 3 used robust maximum likelihood estimation
(MLR) because this is the default estimation method for analyses that include cluster-robust
standard errors. MLR is also robust to nonnormal data (Brown, 2015), and this was important for
this study because skewness and kurtosis tests (performed in the moments package of R; Komsta
& Novomestky, 2015) were significant for several variables.
For each question, model fit was examined with model-fit statistics and chi-square tests
of difference (for questions with categorical data, chi-square tests were performed with the
DIFFTEST option in Mplus; Muthén & Muthén, 2017). Chi-square values were important only
for determining the relative fit of models, that is, which model fit better than another. They were
not used when deciding if a model fit was acceptable because chi-square is highly sensitive to
sample size and to parameter-to-factor ratio (Kline, 2016; Marsh, Hau, Balla, & Grayson, 1998).
Instead, CFI and RMSEA were used to evaluate model fit. Because the measurement of complex
skills such as writing is somewhat unreliable by nature for kindergartners (e.g. McMaster &
Espin, 2007), less conservative rules of thumb were employed for determining reasonable model
fit. Specifically, values of about .90 or higher for CFI and about .10 or lower for RMSEA were
deemed reasonable (Browne & Cudeck, 1993; Hu & Bentler, 1999). All the initial models had
poor fit, so after determining whether the more parsimonious or less parsimonious model fit
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better, modification indices were also examined to highlight areas with poor local fit and suggest
improvements (Brown, 2015). When the modification indices suggested freely estimating
parameters that were theoretically sensible, these parameters were added one at a time to the
better-fitting model. Parameters were added until the model approached the cutoffs for
reasonable model fit.
There were two main types of parameter additions that made sense theoretically. The first
was correlation between the errors of two indicators from the same essay (for example,
relationship to prompt and response type for Essay 1). It is reasonable to think that because these
indicators were based on a single essay, their error variances would be related. The second
theoretically sensible correlation was between the errors of the same measure for different essays
(for example, mechanics for Essay 1 with mechanics for Essay 2). This is another reasonable
suggestion, because children who use good or poor punctuation or capitalization in one essay are
likely to do so again when they write an essay a few days later.
For the first three research questions, if the more parsimonious model resulted in a
statistically significant decrease in model fit, it was evidence that the less parsimonious model
(that is, the model with more factors or more freely estimated correlated error terms) was a better
fit to the data. For the fourth research question (that is, the question that used all the scoring
systems), direct statistical comparisons of model fit were not possible because the models were
not nested and were not estimated with a method that allows calculations of statistics such as
Akaike’s Information Criterion. Instead, alignment with the third research question (that is,
whether the CBM indicators should be modeled on separate factors or the same factor),
parsimony, and interpretability were taken into consideration for selecting the best model.
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Results
Descriptive Statistics
Means and standard deviations for each measure are presented in Table 5. Descriptive
data indicated that on average, children wrote nine words for the special event essay and about
eight words for the expert essay. The CBM scores indicated a great deal of variability in both
CWS and %CWS. Due to the fact that neither of these variables could be lower than 0, both had
strong positive skews. The estimation methods used in the CFAs of this study are capable of
handling non-normal data. Examination of the pattern of scores on the qualitative scoring
systems does not reveal any distinct patterns whereby one category is easier in one essay than the
other.
Correlations between the observed variables are presented in Table 6. Correlations
between two continuous variables were Pearson correlations; correlations between a continuous
and a categorical variable or between two categorical variables were Spearman correlations, as
this type of correlation is more appropriate for categorical data (Rugg, 2007). With a few
exceptions that are discussed in more detail below, correlations were small to moderate.
Dimensions in the Qualitative scoring system
Research Question 1 required the use of confirmatory factor analysis (CFA) to test the
dimensionality of the qualitative scoring system. Specifically, this analysis compared two
models. In the first model (Figure 1), the scoring system was unidimensional, with all five
indicators for both essays (10 total indicators) loading onto a single factor. The second model
(Figure 2) contained two dimensions: macro-organization (relationship to prompt, response type,
and grammatical structure) and accuracy of writing conventions (spelling and mechanics). The
fit for both models was poor, but the two-factor model was significantly better than the one-
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factor model, χ2(1) = 29.05, p < .001. However, adding the modifications suggested in the
modification indices rapidly increased the correlation between the two factors, and many of the
modification indices suggested cross-loading indicators on both factors. For these reasons, it
seemed preferable to retain the one-factor model and use the modification indices to improve it.
The final model for the qualitative scoring system is depicted in Figure 1.9, and model fit
statistics are presented in Table 7.
Dimensionality of Quality and Productivity
The second research question examined whether the qualitative scoring system and the
productivity scoring system represent a single dimension (Figure 3) or distinct dimensions
(Figure 4) of kindergarten composition. Preliminary data screening revealed a problematically
high correlation between the response type indicator and the ideas indicator for each essay,
above ρ = .80 in both cases. In theory, these two measures are closely related but not identical.
Response type captures the completeness of the response, with one point awarded for having one
to several words and up to three points awarded for multiple sentences or a complex sentence.
Ideas is a measure of how many complete propositions exist in the writing. Therefore, response
type is a more lenient indicator in that it awards points for a lower standard (such as a few words
that don’t make a complete sentence); however, it has a maximum of three points. Thus, a
composition with several complete sentences would receive the same score as a composition
with two complete sentences. Conversely, the ideas measure does not award points for
incomplete sentences, but it can award a theoretically infinite amount of points for compositions
with more complete propositions. However, with our sample, these two measures were
practically identical. There were many compositions that contained a few words but no complete
sentences. However, there were few that exceeded two complete sentences or a single complex
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sentence. Thus, there was not sufficient variation at the higher end of the spectrum to make ideas
a distinct indicator.
The close relationship between these two variables resulted in many incorrect model
solutions due to nonpositive definite latent variable covariance matrices. When variables are too
highly correlated, it is best to combine or drop one of them (Kline, 2016). Response type was
dropped from the models because the ideas indicator is more widely represented in writing
research (e.g. Kim et al, 2014; Puranik et al., 2008; Wagner et al., 2011) than the response type
indicator. Furthermore, it seemed better to retain the indicator that had a larger possible range of
values. Additionally, dropping the ideas indicators would have resulted in only two indicators
(the WW indicators) loading onto the productivity factor. Two-indicator factors can be
problematic for identification, and they can be problematic because they allow more
measurement error (Kline, 2016). The modified conceptual models are depicted in Figure 10 and
Figure 11. These are the models that were compared.
The model in which productivity was a unique factor (Figure 11) had significantly better
fit than the one-factor model (Figure 10), χ2(1) = 91.28, p < .001, but the fit of both models was
poor. The addition of several theoretically sensible correlated error terms that were suggested by
the modification indices improved the model fit to acceptability. The final model with
standardized regression weights is depicted in Figure 12, and model fit statistics are presented in
Table 7.
Dimensionality of CBM Indicators
The purpose of Research Question 3 was to examine the dimensionality of the CBM
indicators when they are used independently of other measures. This analysis compared the fit of
a unidimensional (Figure 5) and a two-dimensional model (Figure 6). The fit for both models
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was unacceptably poor. The two-dimensional model did not fit significantly better than the
unidimensional model, p = .007. Modifications to improve the model fit were not attempted
because the model had only two degrees of freedom. Model fit statistics are presented in Table 7.
Standardized regression weights for the one-factor model are presented in Figure 13, but they
should not be interpreted because the fit for the model is poor.
Dimensionality of All Composition Measures
The purpose of Research Question 4 was to build on the findings of the previous models
and additionally determine the best model for accommodating the CBM indicators. Since the
response type indicators were also dropped from these models, the modified conceptual diagrams
are presented in Figure 14 and Figure 15. Two models were fit. In the first model, CWS (a
production-dependent CBM measure) loaded onto the productivity factor, along with WW and
ideas, whereas %CWS loaded onto the writing quality factor, along with the qualitative scoring
system indicators Figure 14. In the second model, both the CWS indicators and the %CWS
indicators loaded onto a CBM factor that was distinct from the productivity and quality measures
(Figure 15). For the analyses, response type indicators were not included in either model because
of previously-discussed problems with collinearity between response type and ideas. These
models were not nested, so it was not possible to compare their fit directly through a chi-square
test; since they were estimated using WLSMV, it was also not possible to compare them by
considering the Akaike Information Criterion. However, the fit of both models was unacceptably
poor. Modifications suggested in the modification indices were added to both models until each
approached the minimum reasonable fit statistics. This required the addition of many correlated
error terms for both models. The mediocre fit and high number of correlated errors in this model
suggest that additional research may be needed to answer this question satisfactorily. The results
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of these analyses may tentatively suggest support for the two-factor model for several reasons.
The criteria to be used for determining which model fit better were alignment with the results of
the third research question, parsimony, and interpretability. The three-factor model is better
aligned with the third research question because CBM scores may be unidimensional; however,
the results of the third research question must be interpreted with extreme caution because the fit
for both models was poor. However, when evaluating the parsimony of the models for the fourth
research question, the two-factor model is preferable to the three-factor model. It has fewer
dimensions, and it required two fewer correlated error terms to achieve mediocre fit. Lastly, the
two-factor model is slightly more interpretable than the three-factor model, both because it has
fewer correlated error terms and because it gives inherent meaning to the CBM scores. As an
additional consideration, the three-factor model required several correlated error terms between
CBM indicators and the indicators from other factors. The fact that CBM indicators may share
additional variance with indicators from other factors suggests that they may fit better when
modeled as loading onto those other factors. Model fit statistics are presented in Table 7, and the
final two-factor model is presented in Figure 16. The results of this model should be interpreted
with extreme caution, because the fact that so many parameters needed to be added to the model
to achieve even a mediocre fit suggests that the theoretical model may have been a poor starting
point for modeling the data.
Discussion
This study represents an important contribution to the literature on the assessment of
composition ability of young, beginning writers, because to date there is little research on the
assessment of composition in kindergarten. This study helps to clarify the dimensionality of a
promising qualitative scoring system for compositions that could be particularly useful to
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teachers because it is quick to administer. Additionally, this study replicates the finding that
writing quality and writing productivity are closely related but are nevertheless distinct
measures.
This study attempted to replicate Kim and colleagues’ (2014) finding with first graders
that a qualitative scoring system comprises two distinct dimensions. Despite the fact that the new
scoring system used in this study measures similar constructs to the 6+1 Traits Rubric that was
used in Kim’s study, the new scoring system was best modeled as unidimensional. Our findings
suggest that the five aspects of the adapted qualitative scoring system cohere to capture a single
dimension of substantive quality capturing young children’s ability to generate ideas, respond
appropriately to the prompt, use appropriate grammatical structures and transcription skills such
as spelling and mechanics.
Given the similarities between the present qualitative scoring system and the scoring
system used in Kim’s study, it seems possible that there are substantial differences between the
composition abilities of kindergartners and those of the first graders in Kim’s study. The high
correlation between the accuracy and macro-organization factors in the present study indicates
that measures of these factors covary to such a high degree that they cannot be separated;
children with high accuracy almost always have high macro-organization, and children with poor
accuracy almost always have poor macro-organization. This could be related to the fact that most
of the children in this study wrote short compositions, rarely longer than a couple of sentences.
Children who wrote short compositions had few chances to demonstrate technical accuracy. For
example, a child who did not write a complete sentence would have received a low score on all
three of the macro-organization indicators; although the child may have been able to achieve a
high spelling score, he or she would have been unable to score above one point for mechanics,

25
because a score of two or higher requires the correct use of punctuation, which is almost always
a sentence-ending period. (Few children used commas or other punctuation in their composition.)
An alternative but less likely explanation is that this closer link between technical accuracy and
macro-organization may be an artifact of the particular scoring system that was used in the
present study. Extant research has clearly indicated that the quality of young children’s writing is
constrained by their transcription skills such as spelling and handwriting (Graham et al., 1997,
Puranik & Al Otaiba, 2012). In other words, macro-organization is constrained by technical
accuracy. Consequently, a more plausible explanation of our results of unidimensionality is that
these results may indicate a stronger constraining influence of transcription skills for the
kindergarten children in this sample compared to the first graders in Kim’s sample (see
Berninger, Mizokawa, & Bragg, 1991, for an explanation of the developmental constraints
hypothesis in composition).
In line with previous research, this study demonstrated that the dimensions of
productivity and quality of writing comprise two distinct but correlated dimensions even for
young, beginning writers. As Kim, Al Otaiba, Wanzek, et al. (2015) argue, there is a conceptual
link between productivity and quality in writing. There is a certain amount of text (productivity)
that is required in order to fully convey an idea (quality), and the more text that is included in a
composition, the more opportunity there is to expand on ideas and organize them well. However,
some students may be relatively verbose writers without necessarily adding to the quality of their
piece. In this sample, this was sometimes the case with students who wrote a great deal about a
topic unrelated to the prompt, or who wrote about multiple topics that were unrelated to each
other. Thus, productivity and quality are both conceptually related and conceptually distinct.
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Interestingly, when indicators from the productivity scoring system were included in the
model with indicators from the qualitative scoring system, one of the categories from the
qualitative scoring system (i.e. the response type category) was correlated with one of the
productivity indicators (i.e. the ideas indicator) to such a degree that it had to be dropped from
the model to prevent model estimation problems. This indicates that the particular qualitative
scoring system used in this study may also have measured some aspects of writing productivity.
These characteristics may make the qualitative scoring system particularly useful for educators
who want to quickly and easily get a big-picture view of a child’s composition ability. This may
be useful for progress monitoring or placing children in ability groupings, as is the suggested use
of CBM. However, unlike CBM, this scoring system can capture aspects of the content of
children’s writing, such as how closely related the composition is to a prompt. Furthermore, the
scoring system categories are more inherently meaningful than CBM indicators. If a teacher sees
that a child’s compositions consistently receive a low score in a particular category, the teacher
can plan instruction about (for example) including additional details in writing. Conversely,
when a child’s composition consistently receives low CBM scores, it is impossible to tell from
the CBM score exactly which aspects of writing should be targeted.
When CBM indicators were added to the previous models, the models could only achieve
mediocre fit with the addition of many correlated error terms. Given the poor fit of the data and
the inability to use a direct statistical comparison between these models, it is difficult to draw
conclusions about which model has better fit. However, the results of this study tentatively
suggest support for the two-factor model over the three-factor model for several reasons. The
first reason is that the three-factor model required a high number of cross-dimension factors in
order to achieve mediocre fit, including many correlated errors between the CBM indicators and
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the indicators for productivity and quality dimensions. This may suggest that the CBM indicators
share too much variance with the indicators from other factors to be modeled separately. The
second reason that the two-factor model may be preferable is that it gives more meaning to the
CBM indicators. If a scoring system measures something about writing that is distinct from the
components that researchers and educators consider important (such as quality), it is less useful
than a scoring system that measures a meaningful component. Considering CBM scores as
indicators of meaningful components of writing, such as quality and productivity, rather than
considering them as indicators of nothing more than an overall CBM score, assigns the indicators
meaning and makes the model more easily interpretable. Of course, due to the relatively poor fit
of the models from this paper, future research is necessary to determine how well these CBM
indicators actually measure the meaningful components of writing (if at all). Choosing a more
interpretable model is not useful if the model does not actually represent the data well.
Previous researchers have questioned the reliability of CBM for young writers (e.g.
McMaster & Espin, 2007), despite its prevalence. This questionable reliability may have been
one source of the trouble with model fits in this study, particularly since CFA depends on having
reliable measures (Kline, 2016). The present study attempted to control for error of measurement
by including multiple essays and several measures of each construct, but these attempts were
apparently not sufficient for improving an already error-prone measure. Future researchers may
need to reconsider the use of CBM for young children’s writing, perhaps replacing it with
measures like the qualitative scoring system. The qualitative scoring system used in this study is
both quick to administer and inherently meaningful, making it a good candidate for a
replacement for CBM.
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Alternatively, the poor fit of the models with CBM indicators may have simply indicated
that the models were misspecified. It is possible that CBM indicators are related to quality and
productivity indicators in ways that were not tested in this study. However, testing other model
specifications would have been outside the scope of the theoretically-based models in this paper.
Indeed, all of the models in this study had relatively low values for model fit indices, and
in most cases, even the final models achieved only mediocre fit (Browne & Cudeck, 1993; Hu &
Bentler, 1999). The final fit was lower than the minimum values that have been recommended by
other experts (e.g. Nye & Drasgow, 2011; Yu & Muthén, 2002). If the more conservative cutoffs for fit indices had been pursued, the models would have included many parameters that were
not specified a priori, and this could risk capitalizing on chance associations present in this
particular sample but not necessarily representative of the population (Brown, 2015).
Conversely, an approach that was more conservative with adding parameters to the models
would have resulted in rejecting each model outright, providing little additional information for
future researchers. Instead, this paper sought to strike a balance between finding a model that
was empirically supported by the present data and finding a model that was similar to the models
supported by previous studies.
These challenges reflect the difficulty of assessing writing in general, and they
underscore the difficulty of assessing writing in young, emerging writers who have limited to
modest writing abilities. It also highlights the complexity of assessing writing; useful writing
assessments in one grade may not be useful in another grade. This has been demonstrated in this
paper, in which CBM scores that have been modeled acceptably in other primary grades (Kim,
Al Otaiba, Wanzek et al., 2015; Kim et al., 2018) could not be acceptably fit to the same model
for kindergartners. Indeed, the fact that a single method for scoring writing cannot be used in all
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grades has been shown by other researchers. For example, Jewell and Malecki (2005) found that
certain CBM scores were strong predictors of qualitative measures of writing for second-grade
students, but not for fourth- and sixth-grade students. Similarly, Parker, Tindal, and Hasbrouck
(1991) found that certain CBM scores were suitable as screening measures for struggling writers
in fourth grade, but not in the second and third grades. Taken together, the results of these studies
indicate that what we know about writers in one grade may not apply to writers in another grade.
Accordingly, what we know about first graders, who are also young, beginning writers, does not
apply to kindergarten students. However, based on the results of the present study, a qualitative
and productivity scoring system appear to be sufficient for measuring kindergarten writing.
Furthermore, these measures are easy and quick to administer and score, which is an important
consideration for school-based research and in-classroom assessment. These measures appear to
measure the components of writing that have previously been identified as important. Therefore,
instructional attention to these important aspects of writing (productivity and quality, including
accuracy and macro-organization) may be important for facilitating writing in emerging writers
in kindergarten.
Limitations and Directions for Future Research
This study has raised several interesting questions about kindergartner’s composition
ability that cannot be fully explored with the present data. For example, collecting three or more
compositions from children would have allowed for method effects to be included in the model.
Including these method effects may have allowed clearer conclusions to be drawn about
dimensionality because fewer correlated error terms would have been required. For example,
given the inherent, theoretical link between quality and productivity (as well as links between
other measures), it may have been beneficial to assume that the quality indicators and
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productivity indicators of a particular essay would be related, over and above the relation
between the quality indicators from multiple essays by the same participant. Being able to model
this relationship with a multi-trait, multi-method model may have significantly improved model
fit. However, these types of models require either more than two measurements or stringent
assumptions about the structure of the data (Brown, 2015; Widaman, 1985) that may have been
unmerited in this case.
The discrepancies between the present paper and previous findings were unexpected
given the wealth of research supporting similar factors structures for the compositions of slightly
older writers (e.g. Hall-Mills & Apel, 2015; Kim et al., 2014; Kim, Al Otaiba, Wanzek, et al.,
2015; Wagner et al., 2011). There are several possible explanations for these differences. The
first is that in young children, measurements of complex skills like composition may be
inherently error-prone. This problem can sometimes be circumvented by taking several
measurements within a short time span so that additional measures of each indicator type can be
included in the model. A second possibility is that the composition skills of kindergartners are
qualitatively different from that of first graders, so any model of kindergarten composition that is
based on models of first-grade composition will be poorly fit. Future researchers may benefit
from taking these considerations into account when planning studies.
Additionally, it is possible that the coarseness of some of the measurements in this study
may have masked important nuances in the data. For example, if a qualitative scoring system
with a greater possible range of scores had been used, the increased variation in scores may have
painted a different picture of the associations among indicators. Different qualitative scoring
systems were not used because one purpose of this study was to examine writing quality as
measured by a scoring system that is a promising replacement to commonly-used CBM for
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writing. Nevertheless, more information about the dimensionality of writing in kindergarten
(compared to that of other grades) may have been offered by different or additional measures.
Another limitation of this study may be the timing of the assessments. It may have been
preferable to collect text generation measures at the same time of year as the transcription and
composition assessments. Having a text generation measure that was collected closer in time to
the actual composition task may have presented a different picture of the relations among these
variables.
Finally, this study used only one type of composition measure. Children were given a
prompt and a short span of time to write about the prompt. This means that any conclusions
drawn about the dimensionality of composition ability may only apply to children’s ability to
compose spontaneously over a short time frame. This is one of the most common measures of
composition ability for young children (e.g. Abbott & Berninger, 1993; Berninger et al., 2002;
Graham, Harris, & Fink, 2000; Kent et al., 2014; Kim, Al Otaiba, & Wanzek, 2015; Wagner et
al., 2011), probably because it may give the purest picture of a child’s independent ability.
However, other researchers have sometimes included other measures of writing ability in CFAs;
for example, Kim, Al Otaiba, Wanzek, et al. (2015) included the child’s score on a standardized
measure of writing fluency. Including scores from a child’s compositions for school assignments
(either with or without editing help from a teacher or parent) may also provide an interesting
supplement to future research.
This study contributes additional knowledge in the field of writing assessment. It
reinforces the usefulness of a qualitative scoring system for compositions for certain educational
and research purposes, and it raises questions about the usefulness of CBM in certain situations.
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In an era when children are expected to read and write at increasingly younger ages, correct
understanding of the measurement of writing is imperative.
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Table 1
Final Models of Writing Dimensionality from Recent Studies

Study
Hall-Mills
and Apel
(2015)

Kim et al.
(2014)

Statistical
Participants’ Method
Grade Level Used
Factors Explored
2nd-4th

1st

Kim, Al
2nd-3rd
Otaiba,
Wanzek, et
al. (2015)

Puranik et
al. (2008)

3rd-6th

EFA

CFA

CFA

EFA

Indicators

Productivity

Total words
Total T-units
Number of different words

Grammatical
Complexity

Mean length of T-unit
Clauses per sentence
Clause density

Grammatical
accuracy

Percentage of grammatical sentences
Grammatical errors per T-unit

Lexical diversity

Lexical density (proportion of
content words to total words)

Macrostructure

Organization
Text structure
Cohesion

Quality

Ideas
Organization
Word choice
Sentence fluency

Spelling and
Writing
Conventions

Spelling
Mechanics (capitalization,
punctuation)
Handwriting neatness

Productivity

Number of words
Number of different words
Number of ideas

Syntactic
complexity

Mean length of T-unit
Clause density

Quality

Idea quality
Organization

CBM

%CWS
CIWS

Productivity

Number of words
Number of ideas

Productivity

Number of words
Number of ideas
Number of T-units

42
Number of clauses

Tindal and
Parker
(1989)

Wagner et
al. (2011)

6th-8th

1st & 4th

EFA

CFA

Complexity

Mean length of T-unit
Clause density

Accuracy

Proportion of grammatical T-units
Proportion of spelling errors
Percentage of correct punctuation

Productivity

Number of words
Number of legible words
Words spelled correctly
CWS

ProductionIndependent

Mean length of continuous CWS
Percentage of legible words
Percent of words spelled correctly
%CWS

Macroorganization

Topic sentence
Logical ordering of ideas
Number of key elements

Complexity

Mean length of T-unit
Clause density

Productivity

Number of words
Number of different words

Spelling and
Punctuation

Number of spelling errors
Number of capitalization errors
Number of errors involving a period

Note. EFA = exploratory factor analysis; CFA = confirmatory factor analysis; CWS = correct
word sequences; IWS = incorrect word sequences; %CWS = Percent correct word sequences;
CIWS = correct minus incorrect word sequences; T-unit = terminable unit
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Table 2
Qualitative Scoring System by Coker & Ritchey (2010)
Text
Features
Response
type

Qualitative Score Ratings
3
2
1
Includes multiple sentences Includes a complete
Includes at least one word
or a single sentence with
sentence.
to several words.
clauses, phrases, or
compound sentence.

Spelling

All words are spelled
correctly.

More than half of the
Half or less than half of the No words are spelled
words are spelled correctly. words are spelled correctly. correctly.

Mechanics

Includes an initial capital
letter, proper nouns, and
correct punctuation OR
there is more than 1
sentence and all sentences
include initial capital letter
and punctuation.

Includes an initial capital
letter and correct
punctuation.

Includes only initial correct No use of capital letter or
capital letter OR
punctuation OR response is
punctuation (for at least
not a sentence.
one sentence).

No more than 1
grammatical error that does
not change sentence
meaning.

Includes multiple errors or
errors that change sentence
meaning or make an
impact on a meaning.

Grammatical Sentence or sentences are
structure
grammatically correct.

Relationship
to prompt

Directly and appropriately Directly answers the
Linked to at least one idea
linked to the prompt and
question without
or the general theme of the
includes at least one
elaboration.
prompt.
elaboration.
This table is reproduced from Coker & Ritchey (2010), p. 181 with permission.

0
Has no legible words OR
an unclear response

Includes multiple
grammatical errors;
sentence meaning is
unknown OR response is
not a sentence.
Not related to prompt or
unclear response.
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Table 3
Qualitative Scoring Scoring System for Composition Assessment
Text
Features

Qualitative Score Ratings
3

2

1

0

Response Type

Includes multiple simple or
complex, or a single complex
sentence.

Includes a complete sentence.

Includes at least one word to
several words. Words do not
have to be spelled correctly.

Has no legible words OR an
unclear response.

Spelling

All words are spelled correctly.

More than half of the words are
spelled correctly.

Half or less than half of the
words are spelled correctly.

No words are spelled correctly.

Mechanics

Includes an initial capital letter,
proper nouns, and correct
punctuation OR there is more
than 1 sentence and all sentences
include initial capital letter and
punctuation.

Includes an initial capital letter
and correct punctuation.

Includes only initial correct
capital letter OR correct
punctuation (for at least one
sentence).

No use of capital letter or
punctuation OR response is a
random string of letters.

Grammatical
structure

Sentence or sentences are 100%
grammatically correct.

At least 50% of the sentence(s)
is grammatically correct.

Includes multiple grammatical
errors or errors that change
sentence meaning or make an
impact on a meaning.

Includes multiple grammatical
errors; sentence meaning is
unknown OR response is not a
sentence, including responses that
contain some words but no
complete sentences.

Relationship to
prompt--special
event*

Directly and appropriately
linked to the prompt and must
include at least 3 details.

Directly answers the question
and must include at least 2
details.

An event is presented as a onetime event (e.g. past tense) or is
inherently a special event.

Not related to prompt or unclear
response.

Relationship to
prompt-expert*

Directly answers the question
and includes 2 or more
facts/opinions OR Includes 1
fact + 2 or more facts/opinions.

Directly answers the question
and includes 1 extra fact OR
includes 1 fact and 1
fact/opinion

Directly answers the question
AND/OR an objective fact about
something is stated.

Not related to prompt or unclear
response OR "I like/I love…" with
no objective facts about topic.

Note. Italics indicate that wording has been modified from the original Coker and Ritchey scoring system. The italics were not included on the scoring system used
during scoring.
*Each composition received only one score for the relationship to prompt category. The criteria used depended on the prompt on which the composition was
based.
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Table 4
Demographic Characteristics of Sample
Question
Child Gender

Responses
Male
Female
No Response

N
128
144
1

Percent
46.9%
52.7%
0.4%

Child Ethnicity

Black/African American
White/Caucasian
Hispanic or Latino
Asian (Indian)
Biracial or Multiracial
Other
No Response

57
188
4
4
12
2
3

20.9%
68.9%
1.5%
1.5%
4.4%
0.7%
1.1%

Child Home
Language

English only
English and Other Language
Other Language Only
No Response

267
4
1
1

97.8%
1.5%
0.4%
0.4%

Highest
Education of
Mother

Less than high school diploma
High school diploma
Post high-school training
Two-year degree
Four-year degree
Graduate degree
No Response

14
40
48
12
84
74
1

5%
14.7%
17.6%
4.4%
30.8%
27.1%
0.4%

Total Annual
Family Income

$20,000 or less
$20,001 - $40,000
$40,001 - $60,000
$60,001 - $85,000
$85,001 or more
No Response

33
41
20
38
137
4

12.1%
15.0%
7.3%
13.9%
50.2%
1.5%
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Table 5
Descriptive Statistics for Composition Measures
Essay 1 (Special Event)
Measure
Response Type

Score
Score Frequency
0
25
1
45
2
135
3
76
Relationship to
0
129
Prompt
1
63
2
42
3
47
Grammatical
0
61
Structure
1
19
2
106
3
95
Spelling
0
31
1
76
2
158
3
16
Mechanics
0
50
1
140
2
70
3
21
Essay 1 (Special Event)
Measure
Mean
SD
Words Written
9.00
6.13
Ideas
1.36
1.23
CWS
3.90
4.36
%CWS
33.65
25.18
Note. N = 281 for all scores for both essays.

Essay 2 (Expert)
Score
Score Frequency
0
35
1
38
2
145
3
63
0
133
1
78
2
38
3
32
0
63
1
31
2
104
3
83
0
39
1
89
2
137
3
16
0
72
1
129
2
67
3
13
Essay 2 (Expert)
Mean
SD
8.11
5.83
1.32
1.17
3.04
4.13
27.48
24.42
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Table 6
Correlations Between Observed Variables
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
1. Response Type 1
1.00
2. Response Type 2
.45
1.00
3. Rel. to Prompt 1
.51
.33
1.00
4. Rel. to Prompt 2
.33
.53
.37
1.00
5. Gram. Structure 1
.57
.38
.34
.31
1.00
6. Gram. Structure 2
.27
.65
.25
.41
.34
1.00
7. Spelling 1
.42
.33
.27
.28
.43
.29
1.00
8. Spelling 2
.31
.45
.16
.25
.31
.41
.39
1.00
9. Mechanics 1
.51
.40
.28
.23
.42
.20
.42
.28
1.00
10. Mechanics 2
.34
.56
.19
.34
.26
.39
.32
.42
.50
1.00
11. Words Written 1
.75
.41
.51
.32
.32
.18
.38
.28
.38
.30
12. Words Written 2
.45
.69
.35
.46
.24
.30
.30
.40
.30
.43
13. Ideas 1
.84
.43
.46
.31
.48
.24
.37
.27
.45
.35
14. Ideas 2
.48
.82
.37
.55
.28
.55
.30
.38
.36
.45
15. CWS 1
.63
.43
.36
.34
.44
.27
.70
.43
.58
.43
16. CWS 2
.42
.60
.24
.35
.36
.47
.46
.71
.39
.61
17. %CWS 1
.39
.33
.16
.28
.44
.27
.75
.41
.54
.38
18. %CWS 2
.34
.47
.15
.25
.34
.51
.43
.74
.33
.60
Note. Correlations in boldface are Pearson correlations; standard print are Spearman correlations. All correlations are significant, p
< .01. Rel. to Prompt = Relationship to Prompt; Gram. Structure = Grammatical Structure; CWS = Correct Word Sequences; CIWS
= Correct Minus Incorrect Word Sequences; %CWS = Percent Correct Word Sequences
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Table 6 (cont.)
Correlations Between Observed Variables
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
11. Words Written 1
1.00
12. Words Written 2
.58
1.00
13. Ideas 1
.83
.54
1.00
14. Ideas 2
.50
.80
.54
1.00
15. CWS 1
.74
.52
.66
.50
1.00
16. CWS 2
.43
.65
.42
.62
.61
1.00
17. %CWS 1
.29
.28
.29
.28
.73
.48
1.00
28. %CWS 2
.27
.34
.25
.37
.49
.79
.56
1.00
Note. Correlations in boldface are Pearson correlations; standard print are Spearman correlations. All correlations
are significant, p < .01. Rel. to Prompt = Relationship to Prompt; Gram. Structure = Grammatical Structure;
CWS = Correct Word Sequences; CIWS = Correct Minus Incorrect Word Sequences; %CWS = Percent Correct
Word Sequences
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Table 7
Overall Model Fit Indices for Final Models
χ (df, p)

CFI
(TLI)

RMSEA
(Confidence
Intervals)

Initial onefactor model

226.757
(35, < .001)

.911
(.886)

.139
(.122 - .157)

1.605

2

Initial twofactor model

205.408
(34, < .001)

.920
(.895)

.134
(.116 - .152)

1.523

1

9

Final onefactor model

137.071
(31, < .001)

.951
(.929)

.110
(.092 - .129)

1.165

2

10

Initial onefactor model

308.862
(54, <.001)

.798
(.753)

.129
(.116 - .144)

1.578

2

11

Initial twofactor model

236.661
(53, < .001)

.855
(.819)

.111
(.097 - .125)

1.360

2

12

Final twofactor model

170.554
(50, < .001)

.905
(.874)

.092
(.077 - .108)

1.120

3

13

One-factor
model (final)

40.090
(2, < .001)

.829
(.487)

.260
(.193 - .333)

(.082)

3

6

Two-factor
model

37.740
(1, < .001)

.835
(.010)

.361
(.268 - .464)

(.084)

4

14

Initial twofactor model

596.936
(103, < .001)

.732
(.687)

.130
(.120 - .141)

1.731

4

15

Initial threefactor model

596.795
(101, < .001)

.731
(.680)

.132
(.122 - .142)

1.724

4

16

Final twofactor model

331.231
(90, < .001)

.869
(.825)

.097
(.086 - .109)

1.202

Research
Question

Figure
Number

Model
Description

1

1

1

2

WRMR/
(SRMR)

50

Figure 1
A one-factor structure of the qualitative scoring system. Rel. to Prompt =
relationship to prompt; Gram. Structure = grammatical structure.

51

Figure 2
A two-factor structure of the qualitative scoring system. Rel. to Prompt = relationship to
prompt; Gram. Structure = grammatical structure.

52

Figure 3
A model in which the productivity indicators from two essays load onto the same factor as
the qualitative writing scoring system for two essays. Rel to Prompt = Relationship to
Prompt; Gram. Structure = Grammatical Structure.
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Figure 4
A model in which the productivity indicators from two essays and the quality scores from the
same two essays capture two distinct dimensions of writing. Rel. to Prompt = Relationship to
Prompt; Gram. Structure = Grammatical Structure
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Figure 5
A model in which %CWS and CWS from two essays capture a single dimension of writing.
%CWS = percent of correct word sequences; CWS = correct word sequences
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Figure 6
A model in which %CWS and CWS from two essays capture two distinct dimensions of
writing. %CWS = percent of correct word sequences; CWS = correct word sequences
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Figure 7
A model in which the percent of correct word sequences (%CWS) from two essays capture
the same dimension as other quality indicators and the number of correct word sequences
(CWS) capture the same dimension as other productivity indicators. Rel. to Prompt =
Relationship to Prompt; Gram. Structure = Grammatical Structure
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Figure 8
A model in which the number of correct word sequences (CWS) and the percent of correct
word sequences (%CWS) capture a distinct dimension of writing known as curriculumbased measurement (CBM). Rel. to Prompt = Relationship to Prompt; Gram. Structure =
Grammatical Structure
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Figure 9
Standardized regression weights of the final model for the qualitative scoring system.
Gram. Structure = grammatical structure, Rel. to Prompt = relationship to prompt.
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Figure 10
A model in which the productivity indicators from two essays load onto the same factor as the
qualitative writing scoring system for two essays. As described in the Results section, the
response type indicators were removed due to collinearity with the ideas indicators. Rel to
Prompt = Relationship to Prompt; Gram. Structure = Grammatical Structure.
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Figure 11
A model in which the productivity indicators from two essays and the quality scores from
the same two essays capture two distinct dimensions of writing. As described in the Results
section, the response type indicators were removed due to collinearity with the ideas
indicators. Rel. to Prompt = Relationship to Prompt; Gram. Structure = Grammatical
Structure
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Figure 12
Standardized regression weights of the final model for the qualitative scoring system with
productivity indicators. Gram. Structure = grammatical structure
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Figure 13
Standardized regression weights of the final model for curriculum-based measurement
(CBM) indicators. The fit of this model was poor. CWS = (number of) correct word
sequences, %CWS = percent correct word sequences
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Figure 14
A model in which the percent of correct word sequences (%CWS) from two essays capture
the same dimension as other quality indicators and the number of correct word sequences
(CWS) capture the same dimension as other productivity indicators. As described in the
Results section, the response type indicators were removed due to high collinearity with the
ideas indicators. Rel. to Prompt = Relationship to Prompt; Gram. Structure = Grammatical
Structure
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Figure 15
A model in which the number of correct word sequences (CWS) and the percent of correct
word sequences (%CWS) capture a distinct dimension of writing known as curriculum-based
measurement (CBM). As described in the Results section, the response type indicators were
removed due to high collinearity with the ideas indicators. Rel. to Prompt = Relationship to
Prompt; Gram. Structure = Grammatical Structure
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Figure 16
Standardized regression weights of the final two-factor model that includes indicators from
all three scoring systems. This model had only mediocre fit. Because the correlated errors
may be difficult to read in this diagram, regression coefficients for this model are also
reported in Appendix B; Rel to Prompt = relationship to prompt, Gram. Structure =
grammatical structure, %CWS = percent correct word sequences, CWS = (number of)
correct word sequences
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2

DEVELOPMENTAL CONSTRAINTS AND THE SIMPLE VIEW OF WRITING:
AN EXPLORATION OF THE RELATIONS AMONG TEXT GENERATION,
TRANSCRIPTION, AND COMPOSITION SKILLS

Learning to write is a vital part of education, and writing ability is a component of many
major assessments that students take throughout school. For example, the Georgia Milestones
Assessment System includes an essay component in every tested grade level of English
Language Arts assessments as well as constructed-response items at all tested grade levels of
English Language Arts and math assessments (Georgia Department of Education, 2018). Thus,
the ability to demonstrate knowledge through writing is a necessary component of academic
success. Learning to write is a long process that begins well before most students take
standardized assessments, and formal writing instruction is already well underway for most
kindergarten children (e.g., Puranik, Al Otaiba, Sidler, & Greulich, 2014). However, writing is a
complex process that requires the coordination of many different skills (Berninger, Cartwright,
Yates, Swanson, & Abbott, 1994; Berninger, Nagy, & Beers, 2011; Juel, Griffith, & Gough,
1986; Puranik, Boss, & Wanless, 2019), so teaching children to write involves supporting and
instructing them in many different skills. Understanding exactly which skills contribute to
writing outcomes and in what way they contribute is important for determining how to facilitate
writing ability.
A popular framework for children’s writing posits that when children are learning to
write, composition primarily consists of the process of translating ideas into written text, as
opposed to the planning or revising processes that take place alongside translation for more
experienced writers. The framework also posits that this translation process is dependent on the
child’s transcription and text generation skills (e.g., Berninger et al., 1992; Berninger et al.,
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2002; Berninger et al., 2006). Transcription abilities refer to an individual’s ability to translate
sounds into written text, including spelling and letter formation abilities. Text generation refers
to an individual’s ability to generate ideas and translate them into comprehensible language,
including oral language skills such as vocabulary and syntax abilities. A large body of previous
research generally supports the link between these skills and the writing outcomes of children in
early elementary school (Abbott & Berninger, 1993; Berninger et al., 2002; Berninger et al.,
1992; Graham, Berninger, Abbott, Abbott, & Whitaker, 1997; Graham, Harris, & Fink, 2000;
Kim et al., 2011; Kim, Gatlin, Al Otaiba, & Wanzek, 2018; Kim, Park, & Park, 2013; Kim &
Schatschneider, 2017). Furthermore, writing skills are constrained by transcription and text
generation in different ways at different ages. This is known as the developmental constraints
hypothesis (Berninger, Mizokawa, & Bragg, 1991). It posits that for children in approximately
the first through third grades, transcription skills and other neuropsychological skills such as fine
motor skills and rapid automatic naming tend to be the most important constraint on writing
ability, and text generation ability is less important. As children become more experienced
writers and more able to do basic writing tasks, such as forming letters and spelling words
automatically, more cognitive ability is freed up for the process of text generation. Therefore, in
approximately the fourth through sixth grades, the primary constraint on writing ability tends to
be the language-related abilities involved in text generation. However, all of these constraints
may operate at all levels of development, but with different importance (Abbott & Berninger,
1993; Berninger et al., 1992; Berninger & Swanson, 1994).
Transcription and Composition
Transcription skills include spelling, letter-writing automaticity, and letter-writing
accuracy (e.g., Berninger et al., 2002; Kim, Puranik, & Al Otaiba, 2015; Puranik & Al Otaiba,
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2012). These types of measures attempt to isolate children’s ability to form letters and words on
paper from their ability to compose novel sentences. Transcription measures are typically
strongly related to composition outcomes for young children, and their importance for predicting
variance in composition outcomes decreases for older children (Berninger et al., 1992;
Berninger, Cartwright, Yates, Swanson, & Abbott, 1994; Berninger & Swanson, 1994; Graham,
et al., 2000; Juel, et al., 1986; Kim et al., 2011; Puranik & Al Otaiba, 2012). This pattern
supports the developmental constraints hypothesis, which posits that transcription becomes less
important for predicting composition abilities as children become more skilled at automaticity in
transcription and can focus on other aspects of the writing process.
Text Generation and Composition
Text generation is typically operationalized as oral language skills, and as such, it is
frequently measured with tests measuring oral language skills including vocabulary, syntactic
comprehension, or story retell (Juel et al., 1986; Kent et al., 2014; Kim, Park, & Park, 2015; Kim
& Schatschneider, 2017; Olinghouse, 2008). These measures attempt to separate a child’s ability
to generate language from their ability to transcribe that language. The relation of text
generation skills to composition outcomes is more complicated than the relation between
transcription and composition. This complicated nature stems in part from the different methods
of measuring composition abilities. For example, children’s independently composed texts are
often scored according to the quality of the writing and the productivity of the writing.
Children’s transcription skills are related to both of these types of composition measurements
(Kim et al., 2014), but patterns of relations with text generation skills may be more complicated.
The majority of evidence suggests that text generation skills make a positive and direct
contribution to writing quality in early elementary school (Babayiğit & Stainthorp, 2010;
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Berninger et al., 1992; Juel, 1988; Juel, Griffith, & Gough, 1986; Kent, Wanzek, Petscher, Al
Otaiba, & Kim, 2014; Kim, Al Otaiba, Folsom, Greulich, & Puranik, 2014; Kim, Al Otaiba,
Sidler, & Greulich, 2013; Kim, Al Otaiba, & Wanzek, 2015; Kim, Park, et al., 2013; Kim &
Schatschneider, 2017), although a few studies have found only marginal significance in these
relations (Kim, Park, et al., 2015; Kim, Puranik, & Al Otaiba, 2015).
In contrast to the generally consistent relation between text generation and writing
quality, studies examining the relations between text generation and writing productivity have
reported conflicting results. The majority of these studies report that text generation is not
significantly related to writing productivity (Ballioussis, Johnson, & Pascual-Leone, 2012;
Berninger et al., 1992; Kent et al., 2014; Kim et al., 2014; Kim et al., 2011; Kim, Puranik, et al.,
2015; Olinghouse, 2008; Puranik & Al Otaiba, 2012). However, Kim et al. (2011) found that a
latent factor combining vocabulary, grammatical knowledge, and sentence imitation was
significantly related to writing productivity for kindergarteners. Balioussis et al. (2013) found
that expressive vocabulary was a significant predictor of writing productivity for 3rd and 5th
graders and Kim, Puranik, et al. (2015) found a slight but significant negative relation between
expressive vocabulary and writing productivity for 1st graders. They suggested this was merely a
suppression effect, indicating that vocabulary had irrelevant commonalities with other predictors
in the model, but no relation to the composition outcome. The variety of methodologies and
operationalizations of text generation and productivity make it difficult to discern the cause of
the differences in these studies. Together, these papers present confusing and seemingly
conflicting results about the relations between text generation and composition outcomes.
Although the finding that transcription skills are highly related to composition outcomes for
young children is firmly established, further research is necessary to disentangle the different
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conditions under which text generation skills are related to composition outcomes for this age
group. This study will investigate the possibility that different levels of transcription abilities are
one of the conditions that may influence the relations between text generation and composition
outcomes. In other words, this study will investigate the possibility that transcription abilities
moderate the relations between text generation and composition.
Transcription as a Moderator of the Text Generation-Composition Relation
Moderation implies that the effect of the predictor variable on the outcome differs at
different levels of the moderator (Kline, 2016; Little, Card, Bovaird, Preacher, & Crandall,
2007). This description aligns well with the developmental constraints hypothesis. When
children have poor transcription abilities, they must focus on the transcription process, and most
of their cognitive resources are used by this focus. Their text generation abilities, whether good
or poor, may have little chance to influence the composition because the composition outcome is
constrained by transcription abilities. However, when children have good transcription abilities,
the transcription process may be more automatic. Since transcription requires fewer cognitive
resources, the children have a greater capacity for concentrating on text generation. In this case,
their level of skill in text generation may have more of a chance to influence the composition
because the composition is no longer so highly constrained by transcription.
An important caveat about moderation analyses is that they are inherently symmetrical.
That is, statistically, there is no distinction between the moderator and the predictor, and
therefore the theoretical framework is often the primary determinant of which variable is a
moderator and which is a predictor (Judd & Kenny, 2010; Kline, 2016). The hypothesis put
forward in this study was that transcription moderates the relation between text generation and
composition abilities. However, because moderation is symmetrical, and this study did not
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manipulate either of these component variables, this hypothesis cannot be separated from the
hypothesis that text generation skills moderate the relation between transcription and
composition. The directionality assumption in the present study was motivated primarily by the
theoretical assumption that text generation must come before transcription in the writing process.
That is, children must form an idea about what to write and translate that idea into
comprehensible language before they can begin to transcribe the idea as text. This view of
transcription as the moderator, rather than text generation as the moderator, is also more closely
aligned with the development constraints framework. If transcription is constraining the
outcome, it may be doing so as a moderator. For this age group, text generation should be less
important as a constraining influence than transcription is (Berninger & Swanson, 1994).
The Present Study
The present study examined the contributions of transcription and text generation abilities
to composition outcomes in a sample of kindergartners. There is a paucity of research about the
skills that contribute to composition in kindergarten, and the small amount of research that exists
considers only writing productivity as an outcome (Kent et al., 2014; Puranik & Al Otaiba,
2012). However, productivity and quality are distinct dimensions of writing and may have a
different pattern of relations to contributing skills (Kim et al., 2014; Wagner et al., 2011).
Therefore, it is important to also assess the relations of transcription and text generation to
writing quality.
Furthermore, this study is novel in that it tests the possibility that transcription is a
moderator of the relation between text generation and writing quality. This idea is strongly
suggested by the developmental constraints hypothesis, which posits that transcription abilities
are the primary constraint on composition outcomes for young writers (Berninger & Swanson,
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1994). If transcription skills are poor, they exert such a constraint on composition outcomes that
text generation skills may have no opportunity to contribute. Conversely, if a child’s
transcription skills are good and they can transcribe with relative automaticity, text generation
skills may have more of an opportunity to contribute to the composition outcome, either
positively or negatively. Despite the intuitive logic of this relation, previous studies have
considered only the possibility that transcription and text generation are independent contributors
to composition, neither modifying the relation of the other (e.g., Abbott & Berninger, 1993;
Berninger et al., 1992; Berninger & Swanson, 1994; Kim, Al Otaiba, et al., 2014; Kim, Al
Otaiba, Wanzek, et al., 2015; Kim, Park, et al., 2015; Kim & Schatschneider, 2017).
An additional strength of this study was that it contained multiple assessments of each
skill by using structural equation modeling (SEM) with latent factors (Kline, 2016). As in
standard multiple regression, moderation in SEM is tested by specifying an interaction between
variables. However, unlike in standard multiple regression, the use of latent factors allowed
more control for measurement error and increased power to estimate the moderation effect
(Marsh, Wen, Hau, & Nagengast, 2013). This study used robust maximum likelihood estimation
(MLR) and the latent moderated structural equations (LMS) approach to estimate the moderation
effect because it produces less biased estimates than other approaches to latent variable
moderation analysis (Cham, West, Ma, & Aiken, 2012; Klein & Moosbrugger, 2000; Muthén &
Muthén, 2017; Marsh, et al.).
Research Questions
1) What are the relations among transcription, text generation, and composition quality in
kindergarten? Are these relations linear, or does transcription moderate the relation
between text generation and composition quality?
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2) What are the relations among transcription, text generation, and composition productivity
in kindergarten? Are these relations linear, or does transcription moderate the relation
between text generation and composition productivity?
Methodology
Participants
A total of 282 kindergarten students participated in this study. These students attended
49 different classrooms in urban and suburban neighborhoods in the eastern US. Ninety seven
percent (274) of the children’s parents returned questionnaires with demographic information
about their children and their families. The average child age as of April 1st of the year the child
contributed data was about 6 years, 0 months; the youngest child was about 5 years, 6 months;
and the oldest child was about 7 years, 0 months. Other demographic information about these
children is presented in Table 8.
Measures
The measures in this study were carefully selected based on the measures that have been
frequently used in previous research and have been shown to relate to composition outcomes.
Measures were also selected based on their ability to sensitively measure differences in skill
development among kindergartners.
Transcription. Transcription measures usually include measures of real-word and
nonword spelling as well as handwriting automaticity or accuracy. These measures are present
in nearly every study of children’s writing, and they are typically measured with assessments that
are separate from the composition outcome. For example, a child may be asked to take a
spelling assessment, a letter-writing assessment, and write a separate composition (e.g., Graham
et al., 1997; Puranik & Al Otaiba, 2012).
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This study used two spelling assessments from the Woodcock-Johnson IV Tests of
Achievement (WJ-IV; Schrank, Mather, & McGrew, 2014). The Spelling subtest required
children to write real words that were dictated by the examiner. Real-word spelling is important
to measure because it captures the child’s ability to spell real words correctly, which is the task
that will be expected of them throughout most of life. In fact, most of the important standardized
assessments of composition ability that a student takes throughout his or her education explicitly
list correct spelling or adherence to the standard conventions of written English as one of the
criteria for a good score (e.g., Georgia Department of Education, 2017; College Board, 2019).
The Spelling of Sounds subtest from WJ-IV required children to write nonsense words,
some of which were dictated by the examiner and some of which were played from a recording,
according to the standard testing procedure. Nonword spelling was included as a measure in
addition to real word spelling because kindergartners still do not know how to spell many of the
words that they might want to include in a composition, and nonword spelling is a method of
measuring a child’s ability to sound out a word that they have never before seen in print. It may
be particularly important to measure for kindergartners, who may often be encouraged to use
invented spelling in class (Coker, 2013; Ouellette & Sénéchal, 2017).
To measure handwriting, this study assessed children’s ability to accurately retrieve and
form each letter of the alphabet in uppercase and lowercase. For the letter writing assessments,
children were provided with a primary-lined, numbered paper. The examiner instructed the child
to write one letter at a time in a fixed, random order. Both the upper-case and lower-case
assessment tested all 26 letters, and children received points based on the number of accurately
formed letters. Other methods of assessing handwriting, such as fluency assessments, in which
children have a set amount of time, usually 15 or 60 seconds, to write as many consecutive
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letters of the alphabet as possible, may be more commonly used in research (e.g., Abbott,
Berninger, & Fayol, 2010; Graham et al., 2000; Kim, Puranik, & Al Otaiba, 2015; Puranik & Al
Otaiba, 2012). However, giving children as much time as they needed to write each letter
ensured that scores captured the child’s ability to form every letter. Additionally, previous
research with kindergartners suggests that this accuracy measure is a sufficiently difficult task to
capture the range of ability levels in a sample of kindergartners (Puranik & Al Otaiba, 2012;
Ritchey, 2008) and that an untimed task such as the task used in this study has greater validity
than a handwriting fluency task (Puranik, Patchan, Sears, & McMaster, 2017).
Text generation. Text generation skills are commonly operationalized as oral language
skills (Kim & Schatschneider, 2017). Although some have argued for the use of measures that
capture a broader range of more complex skills, such as verbal intelligence measures or
discourse-level language measures (Berninger et al., 1994; Berninger et al., 1992; Kim &
Schatschneider, 2017), the oral language measures selected for this study represent reliable
measures of discrete skills, which may be preferable for the latent factor approach used in this
study (Bandalos, 2008; Kline, 2016). Additionally, because the kindergartners in this sample
were expected to rarely write more than a sentence, it seemed best to measure text generation
skills at the same level of language (Berninger et al., 1994; Berninger, et al., 1991). Therefore,
the text generation assessments used in this study represented measures of single-word
vocabulary, syntactic understanding, and morphological completion.
The text generation measures in the present study were the Picture Vocabulary, Syntactic
Understanding, and Morphological Completion subtests from the Test of Language
Development: Primary-4th Edition (TOLD:P-4; Newcomer & Hammill, 2008). In the Picture
Vocabulary subtest, the examiner spoke a word and the child selected one of four pictures that
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was the best match. In Syntactic Understanding, the examiner orally read sentences of
increasing syntactic complexities, and the child selected one matching picture from three
choices. In the Morphological Completion subtest, the examiner orally read a sentence or two
with one word missing at the end, and the child was required to provide the missing word, using
the correct suffix. According to the test manual, the TOLD:P-4 also shows high correlation to
other measures of spoken language, including a standardized observation scale completed by the
child’s teacher and the Wechsler Intelligence Scale for Children-Fourth Edition (Wechsler,
2003).
Composition. Children’s composition ability is typically measured by giving the child a
few minutes to independently compose a piece based on a prompt. This independently,
spontaneously composed piece is then scored according to some rubric or measurement system.
The measures used in the present study include two of the most common measurement systems,
quality and productivity (Kent et al., 2014; Kim et al., 2014; Kim, Al Otaiba, Wanzek, et al.,
2015; Kim, Park, et al., 2013).
Definitions of writing quality vary. This study used a modified version of a writing
quality scoring system designed by Coker and Ritchey (2010) to capture growth in writing
quality across the kindergarten and first grade years. This scoring system captures many of the
same aspects of writing that would be expected of older writers, while adjusting the expectations
to be reasonable for kindergartners. With this scoring system, children receive points for writing
complete and complex sentences, writing about a topic that is related to the prompt, using correct
grammar, using correct spelling, and using correct capitalization and punctuation (i.e.
mechanics).
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Definitions of writing productivity tend to be similar across studies. Writing productivity
is typically measured based on the total number of words written (WW) in the composition.
Many studies include other measures as well, including the number of ideas, clauses, sentences,
and different words (e.g., Berninger et al., 1992; Graham et al., 1997; Kent et al., 2014; Kim,
Park, et al., 2013; Puranik et al., 2008). Productivity is an outcome of interest because of its
conceptual and empirical link to writing quality for young children (e.g., Abbott & Berninger,
1993; Kim et al., 2014; Nelson & Van Meter, 2007). In addition to the WW measure, this study
used a measure of the number of ideas. This is also a commonly-used measure of writing
productivity (Kim et al., 2014; Kim et al., 2011). It was important to include in addition to the
WW measure because it gave credit to children who wrote a lot of content succinctly.
To measure composition skills, children were given five minutes each to write about two
different prompts. The first prompt asked children to tell about a special event from their life.
The second prompt asked children to tell about something they know a lot about. The prompts
were administered on different days to prevent fatigue. For each prompt, the examiner followed
a script to give the children directions. First, the examiner introduced the topic, for example by
saying “Today, you are going to draw and write about a special event in your life.” Then the
examiner gave examples of the topic and asked each child to share an idea and one additional
detail about that idea. For example, after the child mentioned an event, the examiner might ask,
“Who was there with you?” or “What did you do?” Finally, the examiner gave instructions to
keep writing for the entire time, to cross out mistakes instead of erasing, and to sound out words
as best as the students could. The children were then given five minutes to write and draw
independently. Each child was provided with primary-lined paper that had a box at the top where
children could draw a picture. The instructions for writing mentioned that children could draw,
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but primarily focused on writing. After five minutes, examiners asked children to read what they
had written and transcribed it on the paper; this prevented later confusion if children had poor
handwriting or spelling.
Procedures
All children were tested during the school day in a location near their classroom. Text
generation assessments took place in October and November, and transcription and composition
assessments took place in April and May. Given the relative stability of oral language skills
across the kindergarten year (Kendeou, van den Broek, White, & Lynch, 2009; Storch &
Whitehurst, 2002) and previous research suggesting that kindergarten oral language predicts
composition abilities at the end of first and third grade (Kent et al., 2014; Kim, Al Otaiba, &
Wanzek, 2015), the fall text generation measures were expected to be sufficiently related to
spring writing outcomes.
The letter-writing and composition assessments were administered to small groups of
children, while all other assessments were individually administered. Children completed
assessments for no more than 45 minutes at a time, and assessors returned for additional sessions
until all assessments were complete.
Scoring and Reliability
Assessments were scored by trained graduate research assistants (GRAs). Standardized
assessments, which included the subtests of the TOLD:P-4 (Newcomer & Hammill, 2008) and
the Spelling and Spelling of Sounds assessments from the WJ-IV (Schrank, et al., 2014), were
scored according to the standard procedures.
For the TOLD:P-4, children received one point for each correct response. According to
the tests’ documentation (Newcomer & Hammill, 2008), coefficient alphas and test-retest
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reliabilities for these subtests after a gap of one to two weeks were .81 and .86 for picture
vocabulary, .83 - .90 and .99 for syntactic understanding, and .94 - .91 and .83 for morphological
completion, respectively.
For the WJ-IV, one point for a correct spelling and no points for an incorrect spelling.
The Spelling subtest has a reliability of .93 for the age range in this study, and the Spelling of
Sounds subtest has a reliability of .97 for this age range (Schrank et al., 2014).
For the letter writing assessments, children received two points for each correct and wellformed letter; one point for a correct and recognizable, but poorly-formed letter; and zero points
for letters that were incorrect, blank, unrecognizable, or extremely poorly-formed. Inter-rater
reliability ranged from .70 to .80, as measured by Cohen’s Kappa. This represents substantial
agreement according to the traditional guidelines proposed by Landis and Koch (1977).
Additionally, a simulation study by Bakeman, McArthur, Quera, and Robinson (1997) showed
that kappa is highly sensitive to the number of codes possible, suggesting that when few codes
are possible (e.g., three), much lower kappas than .70 may indicate reasonable accuracy. The
GRAs scored each assessment independently, then compared scores with a partner; any
discrepancies in scores were reconciled by agreement before the final score was recorded.
Like the letter-writing assessments, the children’s compositions were also scored by pairs
of GRAs. Each assessment was individually scored by two GRAs, who then compared scores
and came to an agreement about any discrepancies before recording the final score. Interrater
reliability was calculated separately for each category of the qualitative scoring system, and
reliability according to Cohen’s kappa ranged from .71 to .96. For the purposes of the analysis,
the scores from the qualitative scoring system were summed to create a single qualitative score
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of 0-15 for each essay so that the data was appropriate for MLR estimation, which is required for
LMS.
The productivity scoring system included counts of the words written and ideas. A word
was defined as any section of more than one letter that was clearly separated from other letters,
regardless of whether it was a real word. If children did not clearly space out their words,
anything identifiable as phonetically similar to a word from the researcher’s transcription was
counted as a word. If there was no space between letters and no identifiable words, every group
of five letters was counted as a word. Inter-rater reliability, calculated as intraclass correlation
coefficient (ICC) for a random 20% of the essays, was .98 for words written.
An idea was defined as a complete proposition or subject-predicate pair (e.g., Kim et al.,
2011; Kim et al., 2014; Puranik et al., 2008). All ideas scoring was done by the first author of
this study. A GRA rescored a random 20% for reliability; the ICC was .92.
Data Screening
Preliminary statistics for this analysis were conducted in RStudio (RStudio Team, 2016).
Descriptive statistics for each indicator are presented in Table 9. Modeling analyses were
performed in Mplus, version 8.1 (Muthén & Muthén, 2017b). All analyses accounted for the
nested nature of the data using cluster-corrected standard errors. Raw scores were used for all
analyses.
Robust maximum likelihood (MLR) estimation was used for this study. This estimation
method is the default for cluster-corrected standard errors in Mplus; it is robust to nonnormality
(Finney & Distefano, 2013); it uses full-information maximum likelihood for missing
endogenous variables, which is the preferred method for handling missing data (Enders, 2001);
and it is the default estimation method for latent moderated structural equations (LMS) in Mplus,
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which was necessary for including a moderator (Klein & Moosbrugger, 2000; Muthén &
Muthén, 2017a).
Preliminary data screening was conducted to examine patterns of missing data, normality,
outliers, and correlations. A total of six children (2%) were missing one or more score. Most of
these missing scores were due to absences that did not leave enough time for tests to be
completed. Since the scores were not systematically missing, the full-information maximum
likelihood method was deemed acceptable for handling the missing data.
Univariate normality was examined with skewness and kurtosis tests in the Moments
package of R (Komsta & Novomestky, 2015). The results indicated no evidence of problematic
skewness for most of the variables. However, many of the text generation and transcription
indicators were slightly platykurtic. This pattern of data reinforced the need for LMS, since it
produces the most efficient and least biased estimates with platykurtic or uniform distributions
compared to other methods of estimating latent interaction (Cham et al., 2012). The platykurtosis
for these variables was within the range that was tested and deemed acceptable for LMS by
Cham et al.
However, there were a few variables that did not fit these patterns of little skewness and
some platykurtosis. The productivity indicators showed moderate positive skewness and
approached a problematic level of leptokurtosis (Cham et al., 2012). Since the productivity
indicators were not included in the interaction term, they did not present any special problem to
the LMS method, and they were within the range of non-normality that is acceptable for MLR
(Finney & DiStefano, 2013). The real-word spelling indicator was moderately skewed and
moderately leptokurtic, a pattern which can create biased estimates of lower-order and
interaction estimates with LMS. Examination of the distribution revealed that this pattern was
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likely caused by several outliers; four children had scored extremely high, and one child had
scored extremely low. These outlying data points were recoded, as recommended by Kline
(2016). That is, each of the five outlying scores were changed to the next most extreme score that
was not an outlier. The recoding of these five scores resulted in a distribution with acceptable
levels of skewness and kurtosis that were not expected to negatively affect the parameter
estimates (Cham et al., 2012).
The spelling assessment was not the only variable with outliers. Each variable was
examined for outliers by calculating z-scores and checking for absolute values greater than three.
Most of the variables had a few outliers that were higher than all the other scores, but none
seemed extreme enough to have a large influence on the models. To examine the potential
influence of the outliers and the potential influence of recoding the real-word spelling
assessment, each analysis was conducted three times. The first analysis used the data in which
only the spelling scores had been recoded. The second analysis used data that had not been
recoded and exactly repeated the steps of the first analysis, including the addition of the same
correlated error terms. The third analysis used data in which each variable had been recoded to
make the outlying values less extreme and exactly repeated the steps of the first analysis. In both
of the repeated analyses, changes in the results were slight. Changes to path estimates, variance
estimates, significance, and model fit statistics were rarely more than .01 units. This paper
presents results from the analysis in which only the spelling variable has been recoded, because
this analysis maintained as much original data as possible without violating the assumptions of
the estimation method.
Bivariate correlations were examined in RStudio and are presented in Table 10. The
productivity indicators for the special event essay were highly correlated (r(278) = .80, p < .001),

83
as were the indicators for real-world spelling and nonsense-word spelling (r(280) = .75, p <
.001). All other correlations were moderate to small.
Analytic Strategy
The models for examining relations among variables were constructed following the
procedures outlined by Maslowsky et al. (2015), and the procedures were essentially the same
for both questions except that the composition outcomes were different.
First, a confirmatory factor analysis (CFA) was estimated to examine the fit of a model
that included no structural relations. In cases where model fit was poor, correlated error terms
suggested by the modification indices were added to improve model fit if the correlations were
theoretically sound. The model was accepted when the global fit indices indicated acceptable fit
(Browne & Cudeck, 1993; Hu & Bentler, 1995), specifically, RMSEA ≤ .1, CFI ≥ .90, and
SRMR ≤ .08.
In the second step, a structural model that did not include a moderation was estimated. In
this model, the transcription and text generation factor were allowed to correlate, and the
composition outcome was regressed on the transcription and text generation factors. This
structural model was an equivalent model to the corresponding CFA, so the fit statistics were
identical.
In the third step, the structural model from the second step was again estimated, but this
time the model included a moderation between text generation and transcription. Since the LMS
method does not allow calculation of model fit statistics, the three-step procedure was important
for determining whether the moderation term should be included. There were two criteria for
determining if the moderation term should be included. The first criterion was that the path from
the moderator to the outcome was statistically significant. The second criterion was a statistically
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significant log-likelihood ratio test. If the moderation term was not significant or the loglikelihood ratio test was not significant, then the moderation term was not necessary for correctly
modeling the data.
Results
Quality Models
The initial CFA for examining quality as an outcome is presented in Figure 17. However,
this model did not have acceptable fit according to most criteria (Browne & Cudeck, 1993; Hu &
Bentler, 1995). The modification indices suggested correlating the error terms for the two letterwriting assessments. Freely estimating the correlation between these error terms was considered
theoretically reasonable because letter writing skills in two different cases can reasonably be
expected to share variance that they do not share with spelling.
The fit indices for this second model were acceptable, and it is presented in Figure 18.
Model fit statistics for each model are presented in Table 11. The final model revealed that the
transcription factor and the writing quality factor were highly correlated, r = .86. According to
Brown (2014), factor intercorrelations this high in applied research are often considered to
indicate poor discriminant validity, and they usually lead researchers to consider a more
parsimonious model that combines the two factors. However, Brown cautions that when
combining factors due to correlation, “substantive considerations must be brought to bear… the
researcher must consider the implications in regard to the literature that has guided the formation
of the initial, less parsimonious model” (p. 116). The literature does, in fact, indicate that
transcription skills and composition skills should be highly related for this age group, but
nevertheless, there is a strong foundation of considering transcription activities as a separate
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activity from composition (e.g., Berninger et al., 1991; Berninger et al., 2002). Therefore, the
three-factor model was retained.
The structural equations showed good fit. However, the path coefficient from text
generation to composition quality was nonsignificant. A model including a moderator term was
specified, and the moderator term was statistically significant and negative. Furthermore, a loglikelihood ratio test indicated that the model without the moderator term fit significantly worse
than the model that included the moderator term, p = .016. The first structural model, which does
not include a moderator, is presented in Figure 19, and the final model, which includes a
moderator, is presented in Figure 20. For the model without a moderator term, R2 = .738,
indicating that the model explains about 74% of the variance in composition quality, whereas for
the model that includes a moderator term, R2 = .772, indicating that the model explains about
77% of the variance in composition quality. Therefore, the moderator term explains an additional
3% of the variance in composition quality.
Productivity Models
The first CFA that included productivity indicators did not include any correlated error
terms. It is presented in Figure 21. However, it had poor fit (Browne & Cudeck, 1993; Hu &
Bentler, 1995). A second CFA was fit in which the errors for lowercase letter writing and
uppercase letter writing were freely correlated, since this correlation was important for the
models with quality as an outcome, but the fit was still poor. Finally, the error terms between the
ideas score and the WW score for essay 2 were allowed to correlate. This additional parameter
was suggested by the modification indices, and it was allowed because the two scores were taken
from the same essay and might reasonably be expected to share variance that they did not share
with the same measures from a different essay. The addition of this parameter improved the
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model fit to acceptable. The same terms for essay 1 were left uncorrelated to prevent overfitting
and potential empirical underidentification (Eid, Lischetzke, & Nussbeck, 2006). This model is
presented in Figure 22. The size of correlations between latent variables for this final model were
acceptable. Model fits for all three models are presented in Table 11.
The structural equation models showed good fit. When the proposed moderation term
was added to the model, it was not statistically significant (p = .974), and the difference in loglikelihood for the models without and with the moderation term was negligible. Therefore, the
model without the moderation term was accepted as the final model. For this final model, which
does not include the moderator term, R2 = .223, indicating that the model explains about 22% of
the variance in writing productivity. The model without the moderator term, that is, the final
model, is presented in Figure 23, and the model with the moderator term is presented in Figure
24.
Discussion
According to developmental theories of writing (e.g., Berninger et al., 1992; Berninger et
al., 2002; Berninger et al., 2006), both transcription and text generation skills contribute to
children’s ability to compose. Furthermore, according to the developmental contrainsts
hypothesis (Berninger, Mizokawa, & Bragg, 1991; Berninger & Swanson, 1994), transcription
skills exert greater influence on composition compared to text generation skills for young,
beginning writers. This study tested the possibility that transcription is a moderator of the
relation between text generation and writing quality. It was hypothesized that when transcription
skills are poor, they exert such a constraint on composition outcomes that text generation skills
have no opportunity to contribute. Conversely, if a child’s transcription skills are good and they
can transcribe with relative automaticity, text generation skills may have more of an opportunity
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to contribute to the composition outcome, either positively or negatively. Although the results of
this study indicate that transcription may moderate the relation between text generation and
composition quality, the moderation is negative instead of the hypothesized positive moderation.
The results of this study reinforce the evidence that transcription abilities are strongly
related to composition outcomes and provide important nuance to our understanding of the
relations between text generation and composition. In a CFA, composition quality and text
generation skills had a significant and moderate correlation. However, when an SEM was
specified, text generation did not have a significant direct path to writing quality. This indicates
the severe constraining effects of transcription on composition for this age group of young,
beginning writers. However, when a transcription-text generation interaction term was added to
the model, it was significant, and the model fit significantly better. This indicates that (1) the
relation of the component skills of text generation and transcription with composition outcomes
differs at different levels of the component skills and (2) that text generation, though it may not
have a direct relation with composition quality, plays an important role in the quality of early
composition. Although this additional moderator term was statistically significant, it explained
much less of the model than did the direct contributions of text generation and transcription.
Interestingly, this moderation acts in the opposite direction to the original hypothesis. A
graphical depiction of the model-predicted relationship can be seen in Figure 25. For children
with poor or average transcription abilities, this relation was fairly straightforward. When
children had poor transcription abilities, text generation abilities had an influence on composition
outcomes, and good text generation abilities could compensate for poor transcription to a certain
extent. For children with average transcription abilities, text generation skills had little
influence. However, a surprising result was that children with good transcription skills and poor
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text generation skills produced higher-quality compositions than children with good transcription
skills and good text generation skills. There are several possible explanations for this
unexpected negative moderation.
One possible explanation is that the children who had poor text generation abilities were
unambitious in their composing. These children may have had only a single idea to write about,
and this composition resulted in high composition scores because it was simple enough that the
child could write it independently and accurately. Conversely, children with good text
generation abilities may have attempted to write about more complex, creative, or lengthy topics
or to write using more diverse sentence structures. Although their transcription abilities were
good relative to their peers, they were still only kindergartners, and their ideas for writing may
have outstripped their actual abilities. Because the quality scoring system includes aspects of
transcription such as spelling and grammatical accuracy, transcription errors that may have
occurred while these students were writing more complex text may have resulted in them
receiving lower scores.
The inability to reliably distinguish between good and poor text generators who have
excellent transcription skills could be due to the design of the scoring system. The quality
scoring system is designed to sensitively measure differences in the composition skills of
average kindergartners. The most skilled transcribers in this sample are, by definition, not
average. Therefore, these unexpected results may have been due to the measurement tool being
ill-suited to measuring more advanced composers. Illustrative examples of this possible
explanation are presented and discussed in the appendix.
This highlights two important consideration for assessing writing, particularly in young,
beginning writers. The first is that composition assessments are often not suitable for all children.
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The quality scoring system in the present study works well for measuring average composition
skills. However, in order to sensitively measure these highly skilled children, a more detailed
scoring system or a scoring system that does a better job of accurately measuring the
composition skills of very advanced transcribers by awarding more points for features like
creative ideas, diverse sentence structures, and rich vocabulary may be needed (e.g. Education
Northwest, 2017). Therefore, when educators attempt to measure children’s composition
abilities sensitively, for example to measure changes across time, they may consider selecting
different measures for children at different levels. The second consideration is that educators
may want to examine individual scores for each scoring system category to highlight each child’s
individual strengths and weaknesses. This study demonstrates that similar sum scores on a
quality scoring system may nevertheless represent different relative strengths and weaknesses;
examination of scores in each individual category may help educators to differentiate instruction
better.
A second possible explanation for the surprising result of negative moderation is related
to a methodological limitation of the present study. Specifically, quadratic effects of one variable
with another sometimes create what appears to be a moderation effect among three variables. For
example, it is possible that transcription skills have a nonlinear relation to composition; that is,
the effect of transcription skills on composition is different for children with different levels of
transcription skills. Although better transcription skills generally lead to better composition
skills, increases in transcription skills may have diminishing returns for increasing composition
skills as the baseline for transcription skills increases. Because transcription skills are related to
text generation skills, it is difficult to differentiate between a nonlinear effect of transcription on
composition and a nonlinear effect of text generation on composition that is moderated by

90
transcription. Estimating simultaneous quadratic and moderation effects is sometimes
recommended as a method of guarding against this possibility (e.g. Klein, Schermelleh-Engel,
Moosbrugger, & Kelava, 2009). However, simulation studies indicate that when predictor
variables are correlated and multiple nonlinear effects are included, the power for detecting
nonlinear effects is substantially reduced (Moosbrugger, Schermelleh-Engel, Kelava, & Klein,
2009). Therefore, since the predictor variables in the present study were correlated, it was
preferable to include only the hypothesized moderation term. Additionally, during the planning
phase of the study, there was no theoretical rationale for a quadratic effect of transcription on
composition. It was preferable to specify only terms that had a substantial theoretical rationale.
Future research with larger sample sizes may be required to substantiate the moderation effect
suggested in the present study and examine other possible nonlinear effects.
There was no moderation observed in predicting the writing productivity outcome,
suggesting that the contributions of text generation and transcription to writing productivity may
be well represented by the traditional view that they are independent contributors. However,
given the discrepancies in the findings of previous research regarding how text generation relates
to writing productivity, it is still important to consider the results. The direct path from text
generation to writing productivity was small and positive, but it was only marginally significant.
The proportion of variance explained in writing productivity was much smaller than the
proportion of variance explained for the writing quality outcome. This is not surprising, given
that the measures of the component skills in this study measured the untimed abilities of children
rather than the fluency of these skills. Since the children were only given five minutes to write,
their speed in transcription may have been an important factor in how much they wrote.
Additionally, children were provided space to draw a picture on their paper, but there was no
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measurement of how long children spent drawing instead of writing. The amount of time spent
drawing was also probably an influential factor in how much children wrote.
The results of this study suggest that text generation cannot be left out of models of
writing, even for very young children. The effects of text generation on composition quality may
be difficult to discern at times because of complex relations, but they still seem to relate to
composition outcomes. Although transcription abilities are more closely and obviously related to
composition, educators should not neglect to instruct and allow children to practice text
generation.
Limitations and Directions for Future Research
This study represents an important step towards a fuller understanding of the component
skills of composition for kindergartners, but there are several important questions that remain.
The first is why the moderation in the composition quality model acted in the opposite of the
hypothesized directed. Although this paper puts forward a plausible explanation, the research
needed to fully explore this hypothesis is outside the scope of the current paper. Other ways of
measuring the content of the compositions of good text generators may elucidate possible causes
for good text generators to receive lower scores. Determining whether they were writing more
creatively or attempting to convey more complex ideas than their peers who had poor
transcription skills may support the explanation above. Future studies should also consider the
possibility of other forms of nonlinear effects and include sample sizes that could accommodate
such complex models.
Additionally, this study considered only the compositions of kindergarten children. This
is an important area to study, and there is little research in this area. However, it is difficult to
accurately capture the true abilities of kindergartners. Future researchers may consider exploring
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this same question with different ages of children, as these older children may be easier to assess.
Researching moderation with older samples of children may also show how the moderating
effects change as children mature and become better text generators, transcribers, and
composers.
Future research may also consider how the classroom instruction students receive
influences this relationship. The elements of composition that a teacher emphasizes during
writing instruction may have a large influence on the aspects of composing to which a child pays
attention, and this may affect the child’s score on a composition measure. For example, a child
who is naturally highly skilled at text generation may not demonstrate that ability as readily
when composing if that child’s teacher emphasizes neat handwriting and accurate spelling during
writing instruction. Additionally, the length of time children spent writing their composition, as
opposed to thinking, drawing, or waiting, may have affected the quality and productivity of their
final compositions. Future research may consider collecting information about how long children
spend writing their essays.
Finally, as was discussed in the introduction to this study, moderation hypotheses are
inherently causal (Kline, 2016), but the design of this study does not permit strong causal claims.
In order to confidently assert that either transcription or text generation is the true moderator, one
of those two would need to be manipulated. Although there is sufficient evidence that
transcription interventions influence composition outcomes, (Graham et al., 2000; Graham,
McKeown, Kiuhara, & Harris, 2012), no studies have examined how transcription interventions
influence the relation between text generation and composition. A randomized control trial of an
intervention that affects transcription skills would permit stronger causal conclusions.
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Taken together, the results of this study present new information about the composing
abilities of kindergartners and the component skills of that ability. Both text generation and
transcription abilities are important contributors to composition outcomes; however, these
contributions differ depending on how composition is assessed. This study also provides
intriguing new information about the interaction between transcription and text generation in
relation to composition quality. Future research is needed to replicate and probe the true nature
of this interaction.

94
References
Abbott, R. D. & Berninger, V. W. (1993). Structural equation modeling of relations among
developmental skills and writing skills in primary- and intermediate-grade writers.
Journal of Educational Psychology, 85(3), 478-508. https://doi.org/10.1037/00220663.85.3.478
Abbott, R. D., Berninger, V. W., & Fayol, M. (2010). Longitudinal relations of levels of
language in writing and between writing and reading in grades 1 to 7. Journal of
Educational Psychology, 102(2), 281-298. https://doi.org/10.1037/a0019318
ACT, Inc. (2018). ACT College & Career Readiness Standards: Writing. Retrieved from
http://www.act.org/content/dam/act/unsecured/documents/CCRS-WritingStandards.pdf
Anderson, J. C., & Gerbing, D. W. (1988). Structural equation modeling in practice: A review
and recommended two-step approach. Psychological Bulletin, 103(3), 411-423.
https://doi.org/10.1037/0033-2909.103.3.411
Babayiğit, S., & Stainthorp, R. (2010). Component processes of early reading, spelling, and
narrative writing skills in Turkish: A longitudinal study. Reading and Writing, 23(5),
539-568. https://doi.org/10.1007/s11145-009-9173-y
Bakeman, R., McArthur, D., Quera, V., & Robinson, B. F. (1997). Detecting sequential patterns
and determining their reliability with fallible observers. Psychological Methods, 2(4),
357-370. https://doi.org/10.1037/1082-989X.2.4.357
Ballioussis, C., Johnson, J., & Pascual-Leone, J. (2012). Fluency and complexity in children's
writing: The role of mental attention and executive function. Journal of Applied
Psycholinguistics, 12, 33-46.

95
Bandalos, D. (2008). Is parceling really necessary? A comparison of results from item parceling
and categorical variable methodology. Structural Equation Modeling: A
Multidisciplinary Journal, 15(2), 211-240. https://doi.org/10.1080/10705510801922340
Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in social
psychological research: Conceptual, strategic, and statistical considerations. Journal of
Personality and Social Psychology, 51(6), 1173-1182. https://doi.org/10.1037/00223514.51.6.1173
Berninger, V. W., Abbott, R. D., Jones, J., Wolf, B. J., Gould, L., Anderson-Youngstrom, M., …
Apel, K. (2006). Early development of language by hand: Composing, reading, listening,
and speaking connections; three letter-writing modes; and fast-mapping in spelling.
Developmental Neuropsychology, 29(1), 61-92.
https://doi.org/10.1207/s15326942dn2901_5
Berninger, V. W., Cartwright, A. C., Yates, C. M., Swanson, H. L., & Abbott, R. D. (1994).
Developmental skills related to writing and reading acquisition in the intermediate
grades. Reading and Writing, 6(2), 161-196. https://doi.org/10.1007/BF01026911
Berninger, V. W., Mizokawa, D. T., & Bragg, R. (1991). Scientific practitioner: Theory-based
diagnosis and remediation of writing disabilities. Journal of School Psychology, 29(1),
57-79. https://doi.org/10.1016/0022-4405(91)90016-K
Berninger, V. W., Nagy, W., & Beers, S. (2011). Child writers’ construction and reconstruction
of single sentences and construction of multi-sentence texts: Contributions of syntax and
transcription to translation. Reading & Writing, 24(2), 151-182.
https://doi.org/10.1007/s11145-010-9262-y

96
Berninger, V. W., & Swanson, H. L. (1994). Modification of the Hayes and Flower model to
explain beginning and developing writing. In E. C. Butterfield (Ed.), Children's Writing:
Toward a Process Theory of Development of Skilled Writing (Vol. 2, pp. 57-82).
Greenwich, CT: JAI Press.
Berninger, V. W., Vaughan, K., Abbott, R. D., Begay, K., Coleman, K. B., Curtin, G., . . .
Graham, S. (2002). Teaching spelling and composition alone and together: Implications
for the simple view of writing. Journal of Educational Psychology, 94(2), 291-304.
https://doi.org/10.1037/0022-0663.94.2.291
Berninger, V. W., Yates, C., Cartwright, A., Rutberg, J., Remy, E., & Abbott, R. D. (1992).
Lower-level developmental skills in beginning writing. Reading and Writing, 4(3), 257280. https://doi.org/10.1007/BF01027151
Bowles, R. P., Pentimonti, J. M., Gerde, H. K., & Montroy, J. J. (2014). Item response analysis
of uppercase and lowecase letter name knowledge. Journal of Psychoeducational
Assessment, 32(2), 146-156. https://doi.org/10.1177/0734282913490266
Brown, T. A. (2014). Confirmatory Factor Analysis for Applied Research (2nd ed.). New York:
Guilford Press.
Browne, M. W. & Cudeck, R. (1993). Alternative ways of assessing model fit. In K. A. Bollen &
J. S. Long (Eds.) Testing Structural Equation Models (pp. 136-162). Newbury Park, CA:
SAGE Publications.
Castillo, C., & Tolchinsky, L. (2018). The contribution of vocabulary knowledge and semantic
orthographic fluency to text quality through elementary school in Catalan. Reading and
Writing, 31, 293-323. https://doi.org/10.1007/s11145-017-9786-5

97
Cham, H., West, S. G., Ma, Y., & Aiken, L. S. (2012). Estimating latent variable interactions
with non-normal observed data: A comparison of four approaches. Multivariate
Behavioral Research, 47(6), 840-876. https://doi.org/10.1080/00273171.2012.732901
Coe, M., Hanita, M., Nishioka, V., & Smiley, R. (2011). An investigation of the impact of the 6
+ 1 Trait Writing model on grade 5 student writing achievement (NCEE 2012-4010).
Washington, DC: National Center for Education Evaluation and Regional Assistance,
Institute of Education Sciences, U.S. Department of Education.
Coker, D. L. (2013). Writing instruction in preschool and kindergarten. In Graham, S.,
MacArthur, C. A., & Fitzgerald, J. (Eds.), Best Practices in Writing Instruction, 2nd
edition (26-47). New York: The Guilford Press.
Coker, D. L., & Ritchey, K. D. (2010). Curriculum-based measurement of writing in
kindergarten and first grade: An investigation of production and qualitative scores.
Exceptional Children, 76(2), 175-193. https://doi.org/10.1177/001440291007600203
Cole, D. A., & Maxwell, S. E. (2003). Testing mediational models with longitudinal data:
Questions and tips in the use of structural equation modeling. Journal of Abnormal
Psychology, 112(4), 558-577. https://doi.org/10.1037/0021-843X.112.4.558
College Board (2019). SAT Essay Scoring. Retrieved from
https://collegereadiness.collegeboard.org/sat/scores/understanding-scores/essay
Costa, L.-J. C., Hooper, S. R., McBee, M., Anderson, K. L., & Yerby, D. C. (2012). The use of
curriculum-based measures in young at-risk writers: Measuring change over time and
potential moderators of change. Exceptionality, 20(4), 199-217.
https://doi.org/10.1080/09362835.2012.724623

98
Education Northwest. (2017). 6+1 Trait® Rubrics. Retrieved from
http://educationnorthwest.org/traits/traits-rubrics
Eid, M., Lischetzke, T., & Nussbeck, F. W. (2006). Structural equation models for multitraitmultimethod data. In M. Eid & E. Diener (Eds.), Handbook of Multimethod Measurement
in Psychology (pp. 283-299). Washington, DC: American Psychological Association.
https://doi.org/10.1037/11383-020
Enders, C. K. (2001). The performance of the full information maximum likelihood estimator in
multiple regression models with missing data. Educational and Psychological
Measurement, 61(5), 713-740. https://doi.org/10.1177/0013164401615001
Finney, S. J., & DiStefano, C. (2013). Nonnormal and categorical data in structural equation
modeling. In G. R. Hancock & R. O. Mueller (Eds.), Structural Equation Modeling: A
Second Course (2nd ed., pp. 439-492). Charlotte, N.C.: Information Age Pubishing.
Georgia Department of Education (2018). Georgia Milestones Assessment System. Retrieved
from http://www.gadoe.org/Curriculum-Instruction-andAssessment/Assessment/Pages/Georgia-Milestones-Assessment-System.aspx
Graham, S., Berninger, V. W., Abbott, R. D., Abbott, S. P., & Whitaker, D. (1997). Role of
mechanics in composing of elementary school students: A new methodological approach.
Journal of Educational Psychology, 89(1), 170-182. https://doi.org/10.1037/00220663.89.1.170
Graham, S., Harris, K. R., & Fink, B. (2000). Is handwriting causally related to learning to write?
Treatment of handwriting problems in beginning writers. Journal of Educational
Psychology, 92(4), 620-633. https://doi.org/10.1037/0022-0663.92.4.620

99
Hosp, M. K., Hosp, J. L., & Howell, K. W. (2007). The ABCs of CBM: A Practical Guide to
Curriculum-based Measurement (2nd ed.). New York: Guilford Press.
Hu, L.-T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation Modeling: A
Multidisciplinary Journal, 6(1), 1-55. https://doi.org/10.1080/10705519909540118
IBM Corp. (2013). IBM SPSS Statistics. Retrieved from http://www01.ibm.com/support/docview.wss?uid=swg24034898
Juel, C. (1988). Learning to read and write: A longitudinal study of 54 children from first
through fourth grades. Journal of Educational Psychology, 80(4), 437-447.
https://doi.org/10.1037/0022-0663.80.4.437
Juel, C., Griffith, P. L., & Gough, P. B. (1986). Acquisition of literacy: A longitudinal study of
children in first and second grade. Journal of Educational Psychology, 78(4), 243-255.
https://doi.org/10.1037/0022-0663.78.4.243
Judd, C. M., & Kenny, D. A. (2010). Data analysis in social psychology: Recent and recurring
issues. In Fiske, S. T., Gilbert, D. T., & Lindzey, G. (Eds.), Handbook of Social
Psychology, Volume One (115-138). Hoboken, NJ: John Wiley & Sons, Inc.
Kendeou, P., van den Broek, P., White, M. J., & Lynch, J. S. (2009). Predicting reading
comprehension in early elementary school: The independent contributions of oral
language and decoding skills. Journal of Educational Psychology, 101(4), 765-778.
https://doi.org/10.1037/a0015956
Kent, S., Wanzek, J., Petscher, Y., Al Otaiba, S., & Kim, Y.-S. G. (2014). Writing fluency and
quality in kindergarten and first grade: The role of attention, reading, transcription, and

100
oral language. Reading and Writing, 27(7), 1163-1188. https://doi.org/10.1007/s11145013-9480-1
Kim, Y.-S. G., Al Otaiba, S., Folsom, J. S., Greulich, L., & Puranik, C. S. (2014). Evaluating the
dimensionality of first-grade written composition. Journal of Speech, Language, and
Hearing Research, 57, 199-211. https://doi.org/10.1044/1092-4388(2013/12-0152
Kim, Y.-S. G., Al Otaiba, S., Puranik, C. S., Folsom, J. S., Greulich, L., & Wagner, R. K. (2011).
Componential skills of beginning writing: An exploratory study. Learning and Individual
Differences, 21(5), 517-525. https://doi.org/10.1016/j.lindif.2011.06.004
Kim, Y.-S. G., Al Otaiba, S., Sidler, J. F., & Greulich, L. (2013). Language, literacy, attentional
behaviors, and instructional quality predictors of written composition for first graders.
Early Childhood Research Quarterly, 28, 461-469.
https://doi.org/10.1016/j.ecresq.2013.01.001
Kim, Y.-S. G., Al Otaiba, S., & Wanzek, J. (2015). Kindergarten predictors of third grade
writing. Learning and Individual Differences, 37, 27-37.
https://doi.org/10.1016/j.lindif/2014.11.009
Kim, Y.-S. G., Al Otaiba, S., Wanzek, J., & Gatlin, B. (2015). Toward an understanding of
dimensions, predictors, and the gender in written composition. Journal of Educational
Psychology, 107(1), 79-95. https://doi.org/10.1037/a0037210
Kim, Y.-S. G., Gatlin, B., Al Otaiba, S., & Wanzek, J. (2018). Theorization and an empirical
investigation of the component-based and developmental text writing fluency construct.
Journal of Learning Disabilities, 51(4), 320-335.
https://doi.org/10.1177/0022219417712016

101
Kim, Y.-S. G., Park, C., & Park, Y. (2013). Is academic language use a separate dimension in
beginning writing? Evidence from Korean. Learning and Individual Differences, 27, 815. https://doi.org/10.1016/jlindif.2013.06.002
Kim, Y.-S. G., Park, C., & Park, Y. (2015). Dimensions of discourse level oral language skills
and their relation to reading comprehension and written composition: An exploratory
study. Reading and Writing, 28(5), 633-654. https://doi.org/10.1007/s11145-015-9542-7
Kim, Y.-S. G., Puranik, C. S., & Al Otaiba, S. (2015). Developmental trajectories of writing
skills in first grade: Examining the effects of SES and language and/or speech
impairments. The Elementary School Journal, 115(4), 593-613.
https://doi.org/10.1086/681971
Kim, Y.-S. G., & Schatschneider, C. (2017). Expanding the developmental models of writing: A
direct and indirect effects model of developmental writing (DIEW). Journal of
Educational Psychology, 109(1), 35-50. https://doi.org/10.1037/edu0000129
Klein, A., & Moosbrugger, H. (2000). Maximum likelihood estimation of latent interaction
effects with the LMS method. Psychometrika, 65(4), 457-474.
https://doi.org/10.1007/BF02296338
Klein, A. G., Schermelleh-Engel, K., Moosbrugger, H., & Kelava, A. (2009). Assessing spurious
interaction effects. In T. Teo & M. S. Khine (Eds.), Structural Equation Modeling in
Educational Research: Concepts and Applications (13-28). Rotterdam, The Netherlands:
Sense Publishers
Kline, R. B. (2016). Principles and Practice of Structural Equation Modeling (4 ed.). New York:
Guilford Press.

102
Komsta, L., & Novomestky, F. (2015). moments: Moments, cumulants, skewness, kurtosis and
related tests. Retrieved from https://CRAN.R-project.org/package=moments
Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical
data. Biometrics, 33, 159-174. https://doi.org/10.2307/2529310
Little, T. D., Card, N. L., Bovaird, J. A., Preacher, K. J., & Crandall, C. S. (2007). Structural
equation modeling of mediation and moderation with contextual factors. In T. D. Little, J.
A. Bovaird, & N. A. Card (Eds.), Modeling Contextual Effects in Longitudinal Studies
(pp. 207-230). Mahwah, NJ: Lawrence Erlbaum Associates, Inc.
Marsh, H. W., Wen, Z., Hau, K.-T., & Nagengast, B. (2013). Structural equation models of
latent interaction and quadratic effects. In G. R. Hancock & R. O. Mueller (Eds.),
Structural Equation Modeling: A Second Course (2nd ed., pp. 267-308): Information Age
Publishing.
Maslowsky, J., Jager, J., & Hemken, D. (2015). Estimating and interpreting latent variable
interactions: A tutorial for applying the latent moderated structural equations method.
International Journal of Behavioral Development, 39(1), 87-96.
https://doi.org/10.1177/0165025414552301
Moosbrugger, H., Schermelleh-Engel, K., Kelava, A., & Klein, A. G. (2009). Testing multiple
nonlinear effects in structural equation modeling: A comparison of alternative estimation
approaches. In T. Teo & M. S. Khine (Eds.) Structural Equation Modeling in
Educational Research: Concepts and Applications (103-136). Rotterdam, The
Netherlands: Sense Publishers.
Muthén, L. K., & Muthén, B. O. (2017a). Mplus (Version 8.1). Retrieved from
https://www.statmodel.com/index.shtml

103
Muthén, L. K., & Muthén, B. O. (2017b). Mplus [Computer software]. Retrieved from
https://www.statmodel.com/orderonline/
Nelson, N. W., & Van Meter, A. M. (2007). Measuring written language ability in narrative
samples. Reading & Writing Quarterly, 23(3), 287-309.
https://doi.org/10.1080/10573560701277807
Newcomer, P. L., & Hammill, D. D. (2008). Test of Language Development: Primary - 4th
Edition (TOLD:P-4). In. Austin, TX: Pro-Ed.
Olinghouse, N. G. (2008). Student- and instruction-level predictors of narrative writing in thirdgrade students. Reading and Writing, 21, 3-26. https://doi.org/10.1007/s11145007-9062-1
Olinghouse, N. G. & Graham, S. (2009). The relation between the discourse knowledge and the
writing performance of elementary-grade students. Journal of Educational Psychology,
101(1), 37-50. https://doi.org/10.1037/a0013248
Olinghouse, N. G., & Wilson, J. (2013). The relation between vocabulary and writing quality in
three genres. Reading and Writing, 26(1), 45-65. https://doi.org/10.1007/s11145-0129392-5
Ouellette, G., & Sénéchal, M. (2016). Invented spelling in kindergarten as a predictor of reading
and spelling in grade 1: A new pathway to literacy, or just the same road, less known?
Developmental Psychology, 53(1), 77-88. https://doi.org/10.1037/dev0000179
Puranik, C. S., & Al Otaiba, S. (2012). Examining the contribution of handwriting and spelling
to written expression in kindergarten children. Reading and Writing, 25(7), 1523-1546.
https://doi.org/10.1007/x11145-011-9331-x

104
Puranik, C. S., Al Otaiba, S., Sidler, J. F., & Greulich, L. (2014). Exploring the amount and type
of writing instruction during language arts instruction in kindergarten classrooms.
Reading and Writing, 27(2), 213-236. https://doi.org/10.1007/s11145-013-9441-8
Puranik, C. S., Boss, E., Wanless, S. (2019). Relations between self-regulation and early writing:
Domain specific or task dependent? Early Childhood Research Quarterly, 46(1), 228239. https://doi.org/10.1016/j.ecresq.2018.02.006
Puranik, C. S., Lombardino, L. J., & Altmann, L. J. P. (2008). Assessing the microstructure of
written language using a retelling paradigm. American Journal of Speech - Language
Pathology, 17, 107-120. https://doi.org/10.1044/1058-0360(2008/012)
Puranik, C. S., Patchan, M. Sears, M, McMaster, K. (2017). Alphabet writing fluency in
kindergarten: Exploring the issue of time on task. Assessment for Effective Intervention,
42(2), 81-96. doi: 10.1177/1534508416665324RStudio Team. (2016). RStudio:
Integrated Development for R (Version 1.0.136). Boston, MA: RStudio, Inc. Retrieved
from http://www.rstudio.com
Ritchey, K. D. (2008) The building blocks of writing: Learning to write letters and spell words.
Reading and Writing, 21, 27-47. https://doi.org/10.1007/s11145-007-9063-0
Schrank, F. A., Mather, N., & McGrew, K. S. (2014). Woodcock-Johnson IV Tests of
Achievement. Rolling Meadows, IL: Riverside Publishing.
Storch, S. A., & Whitehurst, G. J. (2002). Oral language and code-related precursors to reading:
Evidence from a longitudinal structural model. Developmental Psychology, 38(6), 934947. https://doi.org/10.1037//0012-1649.38.6.934

105
Tindal, G., & Parker, R. (1989). Assessment of written expression for students in compensatory
and special education programs. The Journal of Special Education, 23(2), 169-183.
https://doi.org/10.1177/002246698902300204
Wagner, R. K., Puranik, C. S., Foorman, B. R., Foster, E., Wilson, L. G., Tschinkel, E., &
Kantor, P. K. (2011). Modeling the development of written language. Reading and
Writing, 24(2), 203-220. https://doi.org/10.1007/s11145-010-9266-7
Wechsler, D. (2003). Wechsler intelligence scale for children. In (4th ed.). San Antonio, TX:
Psychological Corp.

106
Table 8
Demographic Characteristics of Sample
Question
Response
Child Gender
Male
Female
No Response

N
129
144
1

Percent
47.1%
52.6%
0.4%

Child Ethnicity

Black/African American
White/Caucasian
Hispanic or Latino
Asian (Indian)
Biracial or Multiracial
Other
No Response

57
189
4
4
12
2
3

20.8%
69.0%
1.5%
1.5%
4.4%
0.7%
1.1%

Child Home
Language

English only
English and Other Language
Other Language Only
No Response

268
4
1
1

97.8%
1.5%
0.4%
0.4%

Highest
Education of
Mother

Less than high school diploma
High school diploma
Post high-school training
Two-year degree
Four-year degree
Graduate degree
No Response

14
40
49
12
84
74
1

5.1%
14.6%
17.9%
4.4%
30.7%
27.0%
0.4%

Total Annual
Family Income

$20,000 or less
$20,001 - $40,000
$40,001 - $60,000
$60,001 - $85,000
$85,001 or more
No Response

33
41
21
38
137
4

12.0%
15.0%
7.7%
13.9%
50.0%
1.5%
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Table 9
Descriptive Statistics of Observed Variables
Construct
Variable
Transcription
Uppercase Letter Writing
Lowercase Letter Writing
Spelling (Real Words)
Spelling of Sounds (Nonsense Words)
Text Generation Vocabulary
Morphological Completion
Syntactic Understanding
Composition
Quality 1 (Special Event)
Words Written 1 (Special Event)
Ideas 1 (Special Event)
Quality 2 (Expert)
Words Written 2 (Expert)
Ideas 2 (Expert)

N
281
282
282
282
280
279
280
281
281
281
282
282
282

Mean
34.0
31.4
13.1
9.4
18.1
12.3
17.8
7.6
9.0
1.4
7.0
8.1
1.3

SD
10.6
10.9
3.6
3.4
4.5
6.9
5.5
3.6
6.1
1.2
3.6
5.8
1.2

Min.
4
4
5
2
4
0
0
0
0
0
0
0
0

Max.
51
50
25
20
28
31
29
14
33
7
14
34
6
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Table 10
Correlations Between Observed Variables
Observed Variables
1. Uppercase LW
2. Lowercase LW
3. Spelling (real words)
4. Spelling of Sounds (nonsense words)
5. Vocabulary
6. Syntactic Understanding
7. Morphological Completion
8. Quality (Special Event)
9. Quality (Expert)
10. Words Written (Special Event)
11. Ideas (Special Event)
12. Words Written (Expert)
13. Ideas (Expert)
Note. p < .01 for all correlations.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

.67
.48
.40
.27
.29
.20
.43
.39
.35
.26
.27
.27

.55
.52
.28
.34
.24
.47
.49
.28
.27
.28
.31

.75
.32
.29
.33
.54
.57
.37
.35
.31
.34

.35
.29
.34
.51
.55
.32
.30
.30
.33

.39
.38
.27
.25
.19
.21
.21
.20

.35
.28
.25
.21
.19
.17
.18

.29
.22
.25
.24
.24
.18

.57
.61
.66
.44
.45

.38
.39
.55
.66

.83
.58
.50

.54
.54

.80
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Table 11
Model Fit Statistics
Quality Analyses
Figure
Number

Chi-Square
(df, p, SCF)

RMSEA
(90% CI)

17

94.52
(24, < .001, 1.02)

Final CFA /
Unmoderated
Structural Model

18 & 19

30.27
(23, .142, 1.01)

Structural Model
With Moderation

20

Model
Initial CFA

SRMR

CFI
(TLI)

AIC
(BIC)

Loglikelihood

.102
(.081 - .124)

.043

.920
(.879)

14709.40
(14818.66)

-7324.702

.033
( < .001, .063)

.031

.992
(.987)

14645.26
(14758.16)

-7291.63

14641.45
(14757.99)

-7288.72

AIC
(BIC)

Loglikelihood

Productivity Analyses
Figure
Number

Chi-Square
(df, p, SCF)

RMSEA
(90% CI)

SRMR

CFI
(TLI)

Initial CFA

21

284.91
(41, < .001, 1.12)

.145
(.131 - .161)

.063

.812
(.748)

16761.54
(16892.65)

-8344.77

Second CFA

Not
pictured

223.89
(40, < .001, 1.09)

.128
(.112 - .144)

.059

.858
(.805)

16692.82
(16827.57)

-8309.41

Final CFA /
Unmoderated
Structural Model

22 & 23

69.32
(39, .002, 1.06)

.053
(.032 - .072)

.048

.977
(.967)

16523.22
(16661.61)

-8223.61

Structural Model
With Moderation

24

16525.22
(16667.25)

-8223.61

Model

Note. SCF = Scaling Correction Factor for MLR
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Figure 17
A CFA of transcription, text generation, and composition quality. This model had poor
fit. LW = letter writing; Syntactic Und. = syntactic understanding; Morphological
Comp. = morphological completion; Qual. = quality
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Figure 18
A CFA of transcription, text generation, and composition quality with a correlated error term.
This model had acceptable fit. LW = letter writing; Syntactic Und. = syntactic understanding;
Morphological Comp. = morphological completion; Qual. = quality
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Figure 19
A model in which transcription and text generation predict composition quality. The dotted gray line indicates that the path from text
generation to composition quality was not statistically significant. LW = letter writing; Syntactic Und. = syntactic understanding;
Morphological Comp. = morphological completion; Qual. = quality
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Figure 20
A model in which transcription, text generation, and a moderation effect predict composition quality. The large black dot signifies the
moderation effect. The dotted gray line indicates that the path from text generation to composition quality was not statistically
significant. This model fit significantly better than a similar model without a moderation effect. LW = letter writing; Syntactic Und. =
syntactic understanding; Morphological Comp. = morphological completion; Qual. = quality
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Figure 21
A CFA of transcription, text generation, and composition productivity. This model did not
have acceptable fit. LW = letter writing; Syntactic Und. = syntactic understanding;
Morphological Comp. = morphological completion; WW = words written.
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Figure 22
A CFA of transcription, text generation, and composition productivity with correlated error
terms. This model had acceptable fit. LW = letter writing; Syntactic Und. = syntactic
understanding; Morphological Comp. = morphological completion; WW = words written.
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Figure 23
A SEM in which transcription and text generation predict composition productivity. This model had acceptable fit. The dotted, gray
line indicates that the path from text generation to productivity was only marginally significant, p = .051. LW = letter writing;
Syntactic Und. = syntactic understanding; Morphological Comp. = morphological completion; WW = words written.
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Figure 24
A SEM in which transcription, text generation, and a moderation effect predict composition productivity. This model had
acceptable fit. The large, black dot represents the moderation effect. The dotted, gray lines indicate that the path from text
generation to productivity was only marginally significant, p = .056, and that the path from the moderation effect to composition
productivity was not significant, p = .981. The fit of this model was not significantly better than the fit of a similar model without a
moderation effect. LW = letter writing; Syntactic Und. = syntactic understanding; Morphological Comp. = morphological
completion; WW = words written.
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Figure 25
Composition quality predicted by text generation skills at various levels of transcription
skills.
Note. These regression lines are based on the results of the SEM. Few children in the
sample had extremely large differences between their text generation and transcription
skills.
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APPENDIX A – SAMPLE CURRICULUM-BASED MEASUREMENT SCORING

Figure 26
A sample sentence scored using curriculum-based measurement
(CBM; Hosp, Hosp, & Howell, 2007). The blue, upward-pointing
carats indicate a correct word sequence (CWS), while the red,
downward-pointing carats indicate an incorrect word sequence (IWS).
One word sequence is counted before the first word, following
standard rules. Both word sequences that include “makeing" are
incorrect because of the misspelling. Additionally, the word sequence
“a cakes” is marked incorrect because of the grammatical error.
Scores for this essay were as follows: 8 CWS and 72 %CWS.
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APPENDIX B – EXPLANATION AND EXAMPLE SCORING FOR GOOD
TRANSCRIBERS’ ESSAYS
The discussion section of the present study puts forward a possible explanation regarding
why children with good transcription skills seem to have poorer composition quality with better
text generation skills. Specifically, good text generation may lead to more ambitious goals for
writing, and these ambitious goals are too difficult for the child’s transcription skills. This
appendix presents and discusses some illustrative examples of this idea. However, these
examples are meant for a clearer explanation of the ideas, not a demonstration of their validity.
That is, the essays were selected because they good exemplars of the hypothesis; additional tests
that are outside the scope of the present study would be needed to determine whether this
possible explanation is truly characteristic of the data.
As an example of this explanation, consider the compositions depicted in Figure 27 and
Figure 28. Both of these compositions were produced by children with high scores on the
transcription assessments. The first composition, Figure 27, was produced by a child with poor
scores on the text generation assessments relative to peers with similar transcription skills.
Although the child makes some spelling and mechanical mistakes, he or she uses words that are
relatively simple to sound out or that may be familiar sight words. Additionally, the child uses a
simple, somewhat repetitive sentence structure. Conversely, the second composition Figure 28,
was produced by a child with good scores on the text generation assessments relative to peers
with similar transcription skills. This child chose to write about leopards and jaguars, words that
are not easy to sound out because they do not have a simple one-to-one letter-to-sound
correspondence, and hence they are difficult to spell correctly. Additionally, this child chose to
use slightly more advanced sentence structures than the poor text generator. It is possible that
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these ambitious choices in content resulted in lower scores than the child might have attained if
he or she had chosen simpler content. For example, spelling more familiar words may have
resulted in fewer misspellings and more time and cognitive resources left over for including
additional content. Furthermore, while the poor text generator simply listed a few facts with no
overall structure, the good text generator has used a topic sentence to introduce his composition,
followed by a “body” section that contains the detail.
As Table 12 demonstrates, these essays received the same quality score. This may
indicate that although the quality scoring system is a valid and sensitive measure of the quality of
an average kindergartner’s composition, it may not sensitively measure the compositions of more
advanced children. Furthermore, some aspects of composition that are important for more
mature writers, such as the inclusion of a topic sentence or overall organization for the writing,
are not represented at all in the writing quality scoring system. In this kindergarten sample, the
exclusion of this category is reasonable, because few kindergartners would score any points in
that category. However, for the exceptional few kindergartners who are excellent text generators
and transcribers, the inclusion of this category might have resulted in higher scores.
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Table 12
Quality Component Scores for Example
Essays
Category
Figure 27
Figure 28
(bunnies)
(leopards)
Response
3
3
Type
Spelling
2
1
Mechanics
1
2
Grammatical
2
2
Structure
Relationship
3
3
to Prompt
Total
11
11
Note. Essays are depicted in Figure 27 and
Figure 28
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Figure 27
An expository essay by a child with good transcription and
poor text generation skills.
Bunnies hop. Bunnies eat carrots. Bunnies have long ears.
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Figure 28
An expository essay by a child with good transcription and
good text generation skills. The jaguar and leopard labels on
the picture were added by the assessor.
I know about leopards and jaguars. What I know about them is
their spots.
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APPENDIX C – STANDARDIZED REGRESSION WEIGHTS FOR FINAL MODEL OF
QUESTION 4
Table 13
Standardized Regression Weights for Final Model for Research Question 4
Factor Loadings
Standardized Loadings on Quality Factor
Relationship to Prompt 1
.469
Grammatical Structure 1
.649
Spelling 1
.684
Mechanics 1
.729
%CWS 1
.671
Relationship to Prompt 2
.542
Grammatical Structure 2
.528
Spelling 2
.608
Mechanics 2
.701
%CWS 2
.705
Standardized Loadings on Productivity Factor
Words Written 1
.635
Ideas 1
.650
CWS 1
.866
Words Written 2
.709
Ideas 2
.692
CWS 2
.817
Correlated Error Terms
Standardized Coefficients
Relationship to Prompt 1 with Relationship to Prompt 2
.280
Words Written 1
.519
Ideas 1
.468
Spelling with
%CWS 1
.729
Relationship to Prompt 2 with Grammatical Structure 2
.313
Words Written 2
.328
Ideas 2
.454
Grammatical Structure 2 with Spelling 2
.247
Ideas 2
.364
Spelling 2 with
%CWS 2
.626
CWS 2
.455
Words Written 1 with
Ideas 1
.716
Words Written 2 with
Ideas 2
.610

